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I. TRUSTEES 


EX OFFICIO 


FRANK R. LILuik, President of the Corporation, University of Chicago. 
MERKEL H. JaAcoss, Director, University of Pennsylvania. 

Lawrason Riccs, Jr., Treasurer, 25 Broad Street, New York City. 
CHARLES PACKARD, Clerk of the Corporation, Columbia University. 

Gary N. CAvkins, Secretary of the Board of Trustees, Columbia University. 
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Cornewia M. Ciapp, Mount Holyoke College. 
C. R. Crane, New York City. 
H. H. Dona.pson, Wistar Institute of Anatomy and Biology. 
GitMAN A. Drew, Eagle Lake, Florida. 
WiLi1AM Patten, Dartmouth College. 
W. B. Scott, Princeton University. 
E. B. Wirson, Columbia University. 
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TO SERVE UNTIL 1935 


H. C. Bumpus, Brown University. 

Gary N. Carxrins, Columbia University. 
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L. V. Her~prunn, University of Pennsylvania. 
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LorANDE L. Wooprurfr, Yale University. 
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E. R. Ciark, University of Pennsylvania. 

E. G. Conx.in, Princeton University. 
Orto C. Graser, Amherst College. 

Ross G. Harrison, Yale University. 

E. N. Harvey, Princeton University. 

H. S. Jennincs, Johns Hopkins University. 
F. P. Know.ton, Syracuse University. 

M. M. Metcatr, Johns Hopkins University. 


TO SERVE UNTIL 1933 


H. C. Brapiey, University of Wisconsin. 

H. B. Goopricu, Wesleyan University. 

I. F. Lewis, University of Virginia. 

R. S. Litxre, University of Chicago. 

C. E. McCiune, University of Pennsylvania. 

T. H. Morean, California Institute of Technology. 
A. C. REepFIELD, Harvard University. 

D. H. Tennent, Bryn Mawr College. 


TO SERVE UNTIL 1932 


R. Cuampers, Washington Square College, New York University. 
W. E. Garrey, Vanderbilt University Medical School. 

CasweE Li Grave, Washington University. 

M. J. GreenMAN, Wistar Institute of Anatomy and Biology. 

R. A. Harper, Columbia University. 

A. P. Matuews, University of Cincinnati. 

G. H. Parker, Harvard University. 

C. R. Srocxarp, Cornell University Medical College. 


EXECUTIVE COMMITTEE OF THE BOARD OF TRUSTEES 


Frank R. Lituir, Ex Off. Chairman. 
Merkex H. Jacoss, Ex. Of. 
Lawrason Riccs, Jr., Ex. Off. 

W. C. Curtis, to serve until 1932. 

A. C. REDFIELD, to serve until 1932. 

E. G. ConKL1n, to serve until 1933. 
CHARLES PACKARD, to serve until 1933. 





ACT OF INCORPORATION 


Tue Liprary COMMITTEE 


C. E. McCiune, Chairman. 
Rosert A. BupDINGTON. 

E. E. Just. 

M. M. METCALF. 

A. H. Sturtevant. 


II. ACT OF INCORPORATION 
No. 3170 
COMMONWEALTH OF MASSACHUSETTS 


Be It Known, That whereas Alpheus Hyatt, William Sanford Stevens, 
William T. Sedgwick, Edward G. Gardiner, Susan Minns, Charles Sedg- 
wick Minot, Samuel Wells, William G. Farlow, Anna D. Phillips and B. 
H. Van Vleck have associated themselves with the intention of forming 
a’ Corporation under the name of the Marine Biological Laboratory, for 
the purpose of establishing and maintaining a laboratory or station for scien- 
tific study and investigation, and a school for instruction in biology and 
natural history, and have complied with the provisions of the statutes of this 
Commonwealth in such case made and provided, as appears from the cer- 
tificate of the President, Treasurer, and Trustees of said Corporation, duly 
approved by the Commissioner of Corporations, and recorded in this office; 

Now, therefore, I, Henry B. Pierce, Secretary of the Commonwealth 
of Massachusetts, do hereby certify that said A. Hyatt, W. S. Stevens, 
W. T. Sedgwick, E. G. Gardiner, S. Minns, C. S. Minot, S. Wells, W. 
G. Farlow, A. D. Phillips, and B. H. Van Vleck, their associates and suc- 
cessors, are legally organized and established as, and are hereby made, an 
existing Corporation, under the name of the MARINE BIOLOGICAL 
LABORATORY, with the powers, rights, and privileges, and subject to 
the limitations, duties, and restrictions, which by law appertain thereto. 

Witness my official signature hereunto subscribed, and the seal of the 
Commonwealth of Massachusetts hereunto affixed, this twentieth day of 
March, in the year of our Lord One Thousand Eight Hundred and Ejighty- 
Eight. 

[SEAL] 
HENRY B. PIERCE, 
Secretary of the Commonwealth, 


III. BY-LAWS OF THE CORPORATION OF THE MARINE 
BIOLOGICAL LABORATORY 


I. The annual meeting of the members shall be held on the second 
Tuesday in August, at the Laboratory, in Woods Hole, Mass., at 11.30 A.M., 
daylight saving time, in each year, and at such meeting the members shall 
choose by ballot a Treasurer and a Clerk to serve one year, and eight Trustees 
to serve four years. There shall be thirty-two Trustees thus chosen divided 
into four classes, each to serve four years, and in addition there shall be two 
groups of Trustees as follows: (a) Trustees ex officio, who shall be the 
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President of the Corporation, the Director of the Laboratory, the Associate 
Director, the Treasurer and the Clerk; (6) Trustees Emeritus, who shall be 
elected from the Trustees by the Corporation. Any regular Trustee who 
has attained the age of seventy years shall continue to serve as Trustee 
until the next annual meeting of the Corporation, whereupon his office as 
regular Trustee shall become vacant and be filled by election by the Cor- 
poration and he shall become eligible for election as Trustee Emeritus for 
life. The Trustees ex officio and Emeritus shall have all rights of the 
Trustees except that Trustees Emeritus shall not have the right to vote. 

The Trustees and officers shall hold their respective offices until their 
successors are chosen and have qualified in their stead. 

II. Special meetings of the members may be called by the Trustees to 
be held in Boston or in Woods Hole at such time and place as may be 
designated. 

III. The Clerk shall give notice of meetings of the members by pub- 
lication in some daily newspaper published in Boston at least fifteen days 
before such meeting, and in case of a special meeting the notice shall state 
the purpose for which it is called. 

IV. Twenty-five members shall constitute a quorum at any meeting. 

V. The Trustees shall have the control and management of the affairs 
of the Corporation; they shall present a report of its condition at every 
annual meeting; they shall elect one of their number President of the Cor- 
poration who shall also be Chairman of the Board of Trustees; they shall 
appoint a Director of the Laboratory ; and they may choose such other officers 
and agents as they may think best; they may fix the compensation and 
define the duties of all the officers and agents; and may remove them, or 
any of them, except those chosen by the members, at any time; they may 
fill vacancies occurring in any manner in their own number or in any of 
the offices. They shall from time to time elect members to the Corporation 
upon such terms and conditions as they may think best. 

VI. Meetings of the Trustees shall be called by the President, or by 
any two Trustees, and the Secretary shall give notice thereof by written 
or printed notice sent to each Trustee by mail, postpaid. Seven Trustees 
shall constitute a quorum for the transaction of business. The Board of 
Trustees shall have power to choose an Executive Committee from their 
own number, and to delegate to such Committee such of their own powers 
as they may deem expedient. 

VII. The accounts of the Treasurer shall be audited annually by a 
certified public accountant. 

VIII. The consent of every Trustee shall be necessary to dissolution 
of the Marine Biological Laboratory. In case of dissolution, the property 
shall be disposed of in such manner and upon such terms as shall be de- 
termined by the affirmative vote of two-thirds of the Board of Trustees. 

IX. These By-laws may be altered at any meeting of the Trustees, pro- 
vided that the notice of such meeting shall state that an alteration of the 
By-laws will be acted upon. 

X. Any member in good standing may vote at any meeting, either in 
person or by proxy duly executed. 
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IV. THE REPORT OF THE TREASURER 
To THE TRUSTEES OF THE MARINE BIoLoGIcAL LABORATORY : 


Gentlemen: Herewith is submitted my report as Treasurer of the 
Marine Biological Laboratory for the year 1931. 

The accounts have been audited by Seamans, Stetson and Tuttle, 
certified public accountants. A copy of their report is on file at the 
Laboratory and is open to inspection by members of the Corporation. 

At the end of the year 1931, the book value of the General Endow- 
ment Fund in the hands of the Central Hanover Bank and Trust Com- 
pany (of New York) as Trustee was $908,895 in securities and $53.77 
in cash. 

The book value of the Library Fund was $198,605 in securities, and 
$340 in cash. 

The Reserve Fund consisted of securities of the book value of $20,- 
868.75 and cash of $909.75. 

The Retirement Fund consisted of securities of the book value of 
$18,896.07, invested in mortgages. 

There has been little change in the other minor funds. 

At this date (March 28, 1932) there is no default in any of the 
securities held in the above-mentioned funds. 

The land, buildings, equipment, and library, excluding the Devil's 
Lane and Gansett properties, represented an investment of $1,642,- 
665.24, less depreciation of $286,404.20, or a net amount of $1,356,- 
261.04. 

Current income exceeded expenses including depreciation by 
$2,304.35. 

Over $21,000 was expended from current funds on buildings, equip- 
ment, and on books, the greater part having been expended for books. 

At the end of the year, the Laboratory owed $2,349.65 in accounts 
payable, and $27,000 on bond and mortgage, and had over $30,000 in 
its bank accounts. 

Following is the Balance Sheet as of December 31, 1931, and the 


condensed statement of income and outgo for the year, also the surplus 
account. 





MARINE BIOLOGICAL LABORATORY 


EXHIBIT A 


MarRINE BroLocicaL LABORATORY BALANCE SHEET, 
DeEcEMBER 31, 1931 


Assets 


Endowment Assets and Equities : 
Securities and Cash in Hands of Central Hanover 
Bank & Trust Company (of New York), 
Trustee—Schedules I-a and I-b $1,107,893.77 
Securities and Cash—Minor Funds— 
Schedule II 10,411.70 $1,118,305.47 


Plant Assets: 
Land—Schedule IV $ 97,103.05 
Buildings—Schedule IV 1,207,554.14 
Equipment—Schedule IV 162,965.48 
Library—Schedule IV 175,042.57 $1,642,665.24 


Less Reserve for Depreciation 286,404.20 


$1,356,261.04 
Securities and Cash in Reserve Fund 21,778.50 
Cash in Dormitory Building Fund 818.96 $1,378,858.50 


Current Assets : 
Cash 30,872.07 
Accounts—Receivable 17,998.23 
Inventories : 
Supply Department 36,327.34 
Biological Bulletin 9,077.28 45,404.62 


Investments : 
Devil’s Lane Property 39,301.81 
Gansett Property 1.00 
Stock in General Biological 
Supply House, Inc. ...... 12,700.00 
Retirement Fund Assets ...... 18,896.07 70,898.88 


Prepaid Insurance 3,902.12 
Items in Suspense (Net) 292.12 $ 169,368.04 


$2,666,532.01 
Liabilities 
Endowment Funds: 
General Endowment Funds—Schedule III $1,107,893.77 
Minor Funds—Schedule III 10,411.70 $1,118,305.47 


Plant Funds: 
Donations and Gifts—Schedule III $1,029,372.61 
Other Investments in Plant from Gifts and Cur- 
oe aN es ole anna eu RESO 347,485.89 


$1,376,858.50 
Mortgage, Danchakoff Estate 2,000.00 $1,378,858.50 
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Current Liabilities and Surplus: 
Mortgage, Devil’s Lane Property 
Accounts—Payable 
Woods Hole Oceanographic Institution : 
Amount received for Purchase 
of Books for their Library $ 5,000.00 
Less Expenditures 4,327.63 672.37 


$ 28,022.02 
Current Surplus—Exhibit C 141,346.02 $ 169,368.04 


$2,666,532.01 
EXHIBIT B 


MARINE BrotocicAL LABoratory INCOME AND EXPENSE, 
YEAR ENpED DeEcEMBER 31, 1931 


Total Net 
Expense Income Expense Income 
Income: 

General Endowment Fund ... $ 47,293.49 $ 47,293.49 

Library Fund 10,434.77 10,434.77 
Gifts 445.29 445.29 
Instruction 8,110.79 9,425.00 1,314.21 
Research 4,063.36 18,085.00 14,021.64 
Evening Lectures 167.58 167.58 
Biological Bulletin and Mem- 

bership Dues 9,060.65 9,976.43 915.78 
Supply Department— 

Schedule V 44,834.46 57,979.24 13,144.78 
Mess—Schedule VI 30,664.25 34,360.65 3,696.40 
Dormitories— 

Schedule VII 31,739.30 13,500.86 18,238.44 

(Interest and Depreciation 

charged to above 3 Depart- 

ments. See Schedules V, 

VI, and VII) 35,453.91 35,453.91 
Dividends, General Biological 

Supply House, Inc. ......... 2,032.00 
Rent, Danchakoff Cottages .... 505.17 533.83 
Rent, Microscopes 469.00 
Rent, Garage, Railway, etc. ... 427.60 
Rent, Newman Cottage 92.94 57.06 
Rent, Janitor’s House 118.83 271.17 
Sales of Duplicate Library Sets 238.70 
Interest on Bank Balances .... 213.76 
Sundry Items 71.82 
Maintenance of Plant: 

New Laboratory Expense .. 18,057.74 18,057.74 

Chemical and Special Appa- 

ratus 9,869.52 9,869.52 

Maintenance, Buildings and 

Grounds 9,147.32 9,147.32 
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Library Department Expenses 8,982.70 8,982.70 
Carpenter Department Ex- 
penses 1,602.02 1,602.02 
TOU TERORNES. 2.0.0. c scence 942.02 942.02 
Sundry Expenses ........... 282.91 282.91 
Workmen’s Compensation In- 
surance 554.02 554.02 
General Expenses : 
Administration Expenses .... 15,907.89 15,907.89 
Endowment Fund Trustee ... 968.50 968.50 
Interest on Loans ........... 100.00 100.00 
Bad Debts 631.24 631.24 
Naples Zoological Station ... 250.00 250.00 
Mosquito Fund Contribution . 100.00 100.00 
Reserve for Depreciation 39,778.56 39,778.56 
Museum Expenses ............ 3,150.40 3,150.40 
Excess of Income over Expenses 
carried to Current Surplus— 
Exhibit C 2,304. 2,304.35 





$206,532.61 $206,532.61 $131,035.21 $131,035.21 


EXHIBIT C 


MarINE BioLoGicAL LABORATORY, CURRENT SURPLUS ACCOUNT 
YEAR ENDED DeceMBER 31, 1931 


Balance, January 1, 1931 $119,401.09 
Add: 


Reserve for Depreciation charged to Plant Funds ............... 39,778.56 
Excess of Income over Expenses for Year as shown in Exhibit B 2,304.35 
Excess of Gansett Property Receipts over Cost of Property and 

eee SS RS ey a 1,885.95 
Income of Retirement Fund 


Less Pensions Paid 20. 14.47 


$163,384.42 
Deduct : 
Payments from Current Funds during Year for Plant 
Assets as shown in Schedule IV, 
Buildings 
Equipment 
ee ES eat cke onan douse 17,635.22 


$21,754.53 
Income and Reserve Fund for 1931 credited to Current 
Surplus and now transferred to Plant Funds 283.87 22,038.40 


Balance, December 31, 1931—Exhibit A $141,346.02 
Respectfully submitted, 
LAWRASON RIGGS, JR., 


Treasurer. 
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V. THE REPORT OF THE LIBRARIAN 


The expenditures of the Library remain the same as last year, 
$24,000 for the Marine Biological Laboratory, and $2,123.21 for the 
Oceanographic Institution. The $5,000 appropriated by the last-named 
in March, 1930, will be expended before the end of their fiscal year of 
February 29, 1932, for necessary books and back sets. A separate 
rendering of this account is kept on file. The only item in the regular 
$24,000 necessary to mention is that for current serials, which has, 
during 1930 and 1931, overreached the $5,000 assigned in 1929, by 
$72.94 and $631.07 respectively. In 1932, $6,000 is allowed for cur- 
rent serials. This increase was, however, anticipated in 1929 and the 
definite plan made to enlarge the subscriptions each year by a sum taken 
from the $8,200 assigned in 1929 for back sets. Until the back sets of 
450 different serials are purchased which are very necessary to the Li- 
brary before it is on a par with the finest libraries of the country, it is 
the judgment of the Librarian that the current expenditure on serials 
should not greatly exceed $6,000, thus leaving for a number of years the 
$7,000 that will, if wisely spent in completing back sets, increase the 
usefulness and monetary value of the Library much beyond the intrinsic 
sum spent. The full list of over 1,000 serial sets imperfect in the back 
holdings or in current receipts has been carefully scrutinized during the 
winter, 1931—32, and definite decision has been made, based on various 
different and combined reasons, to borrow or to leave unfilled about half 
of the number. Since every serial title in the Library, regardless of the 
method of acquisition and of its value, has been automatically recorded 
when deficient, the weeding out of half of these seems reasonable when 
choice was made without regard to any definite number to be retained 
or discarded, but the decisions are subject, of course, to future revision 
on the part of the investigators. Before the date of the summer report 
an estimate will have been made of the definite sum of money that will 
be necessary in order that the Library shall record in its catalogue 1,319 
complete serial publications as against 869 perfectly complete now. A 
sum of $1,000 should always be available under this item, however, since 
new current serials will come on our list entailing the purchase in most 
cases of previously issued volumes. 

A statement of the holdings of the Library shows the following: 
1,080 currently received serials; 33,780 volumes; and 69,851 reprints. 
A detail of the current serials, 391 subscriptions, 481 exchanges, 208 
gifts, shows an increase over last year in current paid subscriptions by 
45, of which 14 were for the Woods Hole Oceanographic Institution, 
and 39 new exchanges. The low total increase from the year 1930 to 
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1931 from 1,060 to 1,080 is due to a rigid elimination of gifts and ex- 
changes not regularly received, and will be enhanced another year when 
a selection will have been made of those important to us. As a tempo- 
rary measure, a great number of incomplete and irregularly received 
United States Government publications have been entirely segregated 
from the serials, pending necessary decision as to their value for us. 

The number of bound volumes added to the Library in 1931 was 
1,923; of these 1,576 were serials, 48 sets having been filled in, seven 
of these for the Oceanographic, 33 partially filled in, two of these for 
the Oceanographic, and 347 were books. The unusual number of 156 
books was purchased by us, using, in addition to the budgeted $300, a 
sum of $500 from the “ back sets” money, and 95 were purchased for 
the Oceanographic Institution. In calling attention to the 33,780 vol- 
umes in the Library at the present time, it will not be out of place to 
record the fact that the accessioned number of volumes is a misleading 
figure as to the actual number of serial volumes the Library contains. 
For the sake of economy in binding and in order to codrdinate thickness 
and height in volumes and make them look well as they stand on the 
shelves, we have during the past ten years increased rather than dimin- 
ished the number in which we bind two or more volumes in one, thus 
reducing consistently the accessioned number below the actual. The 
shelf space occupied by the volumes indicates, indeed, a figure much 
more nearly 40,000 than the correct 33,780. The estimated capacity 
of the shelving space in the Library as given by the architect at 100,000 
is correct for the small size volumes of our serial sets. Since one of the 
five floors of stacks must be reserved for reprints, the inference may be 
made that the space for serials and books will be completely exhausted 
only when the number 33,780 volumes, bound and accessioned in ac- 
cordance with our present method, is doubled. 

The reprints added to the files this year were 5,620; 2,745 of these 
were catalogued from the gift of Professor Metcalf and the Sidney I. 
Smith collection, and 2,875 total the year’s current receipts. The ma- 
jority of current reprints are from the authors, but the “ Collected 
Papers” of 63 different laboratories are regularly received. Of these 
sets of reprints, 27 are complete and 36 are incomplete in the back files 
If these were counted as serial publications our list of current serial 
receipts would be 1,143 instead of 1,080. Of the reprints 1,828 are 
bound. Three hundred and seventy-five of these volumes contain 10-40 
separates. 

While the gifts of books from publishers are many fewer than some 
years ago when special effort was made to secure presentation copies 
direct from the publisher, the number from authors was exceptionally 
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high. This was due to Professor Baitsell and to Mr. Ware Cattell, who 
very generously presented to the Library the books reviewed during the 
summer in the “ Collecting Net.” A book plate records the gift as a 
joint one from the author, publisher, reviewer, and the “ Collecting 
Net.” The books presented to the Library this year are briefly enu- 


merated below. These gifts are acknowledged with pleasure, and with 
very warm thanks. 


“Collecting Net” 

Authors 

as I NN go caw paneckon sone een’ 
I Tn es uae ea ae 
Chicago University Press 

Harvard University Press 

I I RS i we aes OMe name eee ee 
Alfred A. Knopf 

Lea & Febiger 

Macmillan Co. 

a TI chk aire sa what wee i aS Bue 
Dr. Henry McE. Knower 

Dr. C. A. Cheever 

National Academy of Sciences 

Eastman Kodak Company 


VI. THE REPORT OF THE DIRECTOR 


To THE TRUSTEES OF THE MARINE BIOLOGICAL LABORATORY : 

Gentlemen: I beg to submit herewith a report of the forty-fourth 
session of the Marine Biological Laboratory for the year 1931. 

1. Attendance. The attendance for 1931 was unexpectedly large, 
the total number of investigators for the season being 362 as compared 
with 337 in 1930, the next-highest year. The tabular view of attendance 
on page 29 shows in detail the relation of the past season to the four 
immediately preceding it. Particularly noteworthy is the large number 
of institutions represented in 1931, this being 137 as compared with 
126 in 1930 and 123 in 1929. 

Of considerable importance to the Laboratory from a practical 
standpoint is the peak attendance. It is this, rather than the total at- 
tendance, which determines the degree of crowding of the Laboratory, 
the Mess, and the available living accommodations. Following the high 
peak of 286 in 1928, a measure of relief was afforded for a time by a 
new arrangement of the courses, which tended to spread the attendance 
over a longer period; and, for several years, a further growth of the 
total attendance occurred without evidences of undue crowding. Dur- 
ing the past season, however, the peak attendance suddenly increased 
by 43 over that for 1930 and surpassed by 20 even the previous high 
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record of 1928. Since it seems impracticable at present for the Lab- 
oratory to increase the available research and living accommodations, 
the attention of investigators is again invited to the advantages of utiliz- 
ing to a greater extent than at present the early and the late parts of 
the season. The following tabulation of attendance on selected dates 
for the past five years gives a clear view of the general situation. 


1927 1928 1929 1930 1931 

May 15 9 6 6 
June Ce ih ee aia 64 55 50 51 
” 20 pent 140 139 153 153 
Bhi wiece. sea a 240 197 208 217 

July tt ee 281 238 253 258 
rn Dees 282 242 250 273 
areca 272 249 253 281 

August 10 250 256 254 302 
? 20 226 243 245 280 
- eee 183 220 204 239 

September 10 112 157 122 136 
"7 ‘ 43 59 44 69 

, 14 14 8 14 


2. The Report of the Treasurer. This report shows a slight in- 
crease in the total assets of the Laboratory over the preceding year, the 
figures being $2,666,532.01 for 1931 as compared with $2,660,559.11 
for 1930. Though the income for 1931 was less than that for 1930 
($206,532.61 as compared with $210,110.86), a reduction of expenses 
from $213,878.11 to $204,228.36 permitted for the first time in six years 
the appearance of an excess of income over expenses, including depre- 
ciation charges. While the Laboratory was not greatly affected during 
1931 by the existing financial depression, the indications at the time of 
the preparation of this report are that the year 1932 will show a serious 
decrease in the subscriptions received from cooperating and subscrib- 
ing institutions and somewhat smaller decreases in the income from the 
Supply Department and from the permanent endowment fund. It is 
hoped, however, that by means of all practicable economies it may be 
possible to preserve the very gratifying condition of financial soundness 
that has characterized the Laboratory for so many years, even though 
the exceptionally favorable showing for 1931 may not again be equalled 
for some time. 

3. The Report of the Librarian. The growth of the Library in 1931 
has continued at approximately the same rate as that for the past six 
years. Its development since 1925 may perhaps best be shown by means 
of the following figures taken in part from the reports of previous years. 





REPORT OF THE DIRECTOR 13 


Particularly noteworthy is the fact that 869 sets of serial publications 
are now complete ; these include most of the sets in common use. 


1925 1926 1927 1928 1929 1930 1931 
Serials received cur- 
rently 628 764 874 985 1060 1080 


Total number of bound 
volumes 18200 22800 26500 28300 31500 33800 
NON 5 os hiesinixd 25000 38000 43000 51000 59000 64000 70000 


4. Publications. During the early years of the Laboratory, a record 
was kept of all the published scientific work that issued from it. With 
its continued growth, however, the difficulty of keeping such a record 
became very great and the practice was discontinued about twenty years 
ago. The development in recent years of a trained library staff accus- 
tomed to the collection and the cataloguing of reprints has again made 
it possible, not merely to keep a record of all publications, but to bind 
and index the papers themselves in such a way that they may be readily 
available both for the use of investigators and of other persons inter- 
ested in the scientific accomplishments of the Laboratory. Through 
the kind codperation of the investigators concerned, approximately 100 
papers, based on work done at the Laboratory and published in 1930, 
are now ready for binding. It is planned to prepare similar sets for 
each subsequent year; and it is to be expected that the value of these 
sets, both historical and scientific, will in time become very great. The 
thanks of the Laboratory are due to all who have so generously con- 
tributed the necessary reprints of their papers. 

5. Lectures and Scientific Meetings. Twelve evening lectures were 
delivered during 1931, including the special Reynold A. Spaeth Me- 
morial Lecture by Professor Ross G. Harrison. In addition, there were 
held 12 other meetings, at which 63 shorter scientific papers were pre- 
sented and discussed. 

A successful innovation in 1931 was the special scientific session held 
on September 3 and devoted exclusively to work completed at the Lab- 
oratory during the current season. Twenty-two papers conveniently 
grouped by subjects were presented at this session, which occupied tlie 
greater part of the day. The remainder of the day was devoted to the 
inspection of demonstrations of work in progress at the Laboratory. 
The titles of the various lectures and shorter papers for 1931, which 
give a very representative cross-section of the work of the Laboratory 
for that year, are listed on pages 31 to 36. 

6. Supply Department and Museum. The period of management 
of the Supply Department by the General Biological Supply House 
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having terminated in August, 1931, Mr. James McInnis, who for the 
past year had acted as Resident Manager, was placed in full charge of 
the Department. Under his management the Supply Department has 
continued, in spite of generally unfavorable business conditions, to pro- 
vide an important part of the revenue needed for the running of the 
Laboratory, besides filling with efficiency its primary function of sup- 
plying living material to investigators. 

During the past year very gratifying progress has been made in the 
development of a working museum by its Curator, Mr. George M. Gray. 
A large number of representatives of the local fauna, properly pre- 
served and labeled, are now available for the use of investigators who 
wish to identify material of their own or whose work in other ways 
requires museum facilities. In addition to the preservation of material, 
particular attention has been given during the year to the accumulation 
and tabulation of data on the geographical and seasonal distribution of 
the local forms. Mr. Gray’s long experience with the fauna of the 
Woods Hole region gives him exceptional qualifications for carrying 
out this very important part of the work of the Museum. 

7. Meeting of the Corporation. At the annual meeting of the Cor- 
poration, held on August 11, the report of a special committee appointed 
a year previously to consider changes in the method of nominating 
trustees was considered, and the following recommendations of the 
Committee were adopted : 


1. “ The Corporation affirms its position that instruction is a fundamental 
part of the work of the Laboratory and hence this work should be adequately 
represented upon the Board of Trustees.” 

2. “ That the Committee of the Corporation for nomination of Trustees 
consist of five members, of whom not less than two shall be Trustee members 
and not less than two shall be non-Trustee members of the Corporation.” 

3. “ That on or about July first of each year, the Clerk shall send a cir- 
cular letter to each member of the Corporation giving the names of the 
Nominating Committee and stating that this Committee desires suggestions 
regarding nominations.” 


4. “ That the Nominating Committee shall post the list of nominations at 
least one week in advance of the annual meeting of the Corporation.” 


A recommendation that no trustee shall be eligible for re-election until 
one year after the expiration of the term for which he was elected was 
discussed at length, but the motion to accept it was lost. The following 
new trustees were elected by the Corporation: L. V. Heilbrunn (Class 
of 1935), H. B. Goodrich (Class of 1933). 

Following the request of Dr. Gary N. Calkins, who for 19 years had 
ably served the Laboratory as Clerk of the Corporation, that his name be 
not presented to the Corporation for re-election, the Nominating Com- 
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mittee selected in his place Dr. Charles Packard, of Columbia University, 
who was duly elected to the position, thereby becoming at the same time 
a Trustee ex-officio. Dr. Calkins, who on his retirement from office 
ceased to be a Trustee ex-officio, was elected to fill one of the regular 
positions in the Class of 1935. A resolution of appreciation of the long 
and valued services of Dr. Calkins as its Clerk was adopted by a rising 
vote of the Corporation. 

8. Changes in the By-laws. At the annual meeting of the Board 
of Trustees two changes in the By-laws were approved. Those parts 
of the By-laws affected by the changes in question now read, as 
amended : 


1. “ The annual meeting of the members shall be held on the second 
Tuesday in August, at the Laboratory, in Woods Hole, Mass., at 11:30 A.M., 
daylight saving time, in each year, and at such meeting the members shall 
choose by ballot a Treasurer and a Clerk to serve one year, and eight Trus- 
tees to serve four years.” 


2. “ Trustees ex efficio and Emeritus shall have all rights of the Trustees 
except that Trustees Emeritus shall not have the right to vote.” 


9. Gifts. Appreciative acknowledgment is made of the assistance 
of the Committee on the Effects of Radiation of the National Research 
Council and of various persons, who through the efforts of this Com- 
mittee became interested in the needs of the Laboratory, in connection 
with investigations requiring the use of X-rays and other types of 
radiation. Without this assistance much of the work accomplished in 
this field during the past year would have been impossible. The thanks 
of the Laboratory are also due to Mrs. J. C. Hemmeter for the gift of 
scientific apparatus formerly belonging to her husband, the late Dr. 
John C. Hemmeter, and to Mr. Ware Cattell for the continuation in 
1931 of the Collecting Net Scholarships and for the gift to the Library 
of a considerable number of books. 

There are appended as parts of this report: 


. The Staff, 1931. 

. Investigators and Students, 1931. 

. A Tabular View of Attendance, 1927-1931. 

. Subscribing and Codperating Institutions, 1931. 
. Evening Lectures, 1931. 

. Shorter Scientific Papers, 1931. 

. Members of the Corporation, August, 1931. 


Respectfully submitted, 
M. H. Jacoss, 
Director. 
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1. THE STAFF, 1931 


MerkKeEL H. Jacons, Director, Professor of General Physiology, University 
of Pennsylvania. 
Associate Director: —— 


ZOOLOGY 
I. INVESTIGATION 


Gary N. Cavxrins, Professor of Protozodlogy, Columbia University. 

E. G. Conxurn, Professor of Zodlogy, Princeton University. 

Caswe.i Grave, Professor of Zodlogy, Washington University. 

H. S. Jennincs, Professor of Zodlogy, Johns Hopkins University. 

FRANK R. LiLuir, Professor of Embryology, University of Chicago. 

C. E. McCune, Professor of Zodlogy, University of Pennsylvania. 
. Mast, Professor of Zodlogy, Johns Hopkins University. 


. H. Morcan, Director of the Biological Laboratory, California Institute 
of Technology. 


G. H. Parker, Professor of Zodlogy, Harvard University. 
E. B. Wirson, Professor of Zodlogy, Columbia University. 
LoranpvE L. Wooprurr, Professor of Protozodlogy, Yale University. 


II. INstRUCTION 
J. A. Dawson, Assistant Professor of Biology, College of the City of New 
York. 
. H. Bissonnette, Professor of Biology, Trinity College. 
=. C. Core, Associate Professor of Biology, Williams College. 
. E. Netsen, Instructor in Zodlogy, University of Pennsylvania. 
A. W. Po ..ister, Instructor in Zodlogy, Columbia University. 
. P. Say es, Instructor in Biology, College of the City of New York. 
A. E. SeverincHaus, Assistant Professor of Anatomy, College of Phy- 
sicians and Surgeons, Columbia University. 


Junior INSTRUCTORS 


. R. CoonFietp, Professor of Biology, Southwestern College. 
’. E. Haptey, Assistant Professor of Biology, New Jersey State Teachers 
College at Montclair. 


PROTOZOOLOGY 
I. INVESTIGATION 


(See Zodlogy) 


II. INstTRUCTION 


Gary N. CaLxins, Professor of Protozodlogy, Columbia University. 
RacHEL Bow ing, Instructor in Zodlogy, Columbia University. 
W. Byers Uncer, Assistant Professor of Zodlogy, Dartmouth College. 
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EMBRYOLOGY 
I. INVESTIGATION 
(See Zoélogy) 


II. INstRUCTION 


Husert B. Goopricn, Professor of Biology, Wesleyan University. 

BENJAMIN H. Grave, Professor of Biology, De Pauw University. 

LeicH Hoan ey, Professor of Zodlogy, Harvard University. 

Cuartes Packarp, Assistant Professor of Zodlogy, Institute of Cancer 
Research, Columbia University. 

Haroip H. PLouGu, Professor of Biology, Amherst College. 


PHYSIOLOGY 
I. INVESTIGATION 


Haroitp C. Brapiey, Professor of Physiological Chemistry, University of 
Wisconsin. 

Wa ter E. Garrey, Professor of Physiology, Vanderbilt University Med- 
ical School. 

Racpu S. Lityie, Professor of General Physiology, University of Chicago. 

A.Bert P. Matuews, Professor of Biochemistry, University of Cincinnati. 


II. INstTRUCTION 
Teaching Staff 


WILLIAM R. AmbBerson, Professor of Physiology, University of Tennessee. 

Puitip Barp, Assistant Professor of Physiology, Harvard Medical School. 

Ratpu W. Gerarp, Assistant Professor of Physiology, University of Chi- 
cago. 

LAURENCE IrvING, Associate Professor of Physiology, University of Toronto. 

Leonor MicHAeE.is, Member of the Rockefeller Institute, New York City. 

MarGArRET SuMWALT, Assistant Professor of Physiology, Woman’s Medical 
College of Pennsylvania. 


Special Lecturers 


Epwin J. Coun, Associate Professor of Physical Chemistry, Harvard Uni- 
versity. 

Henry J. Fry, Associate Professor of Biology, Washington Square College, 
New York University. 

E. Newton Harvey, Professor of Physiology, Princeton University. 

SeLtic Hecnt, Professor of Biophysics, Columbia University. 

MERKEL H. Jacoss, Professor of General Physiology, University of Penn- 
sylvania. 

Bautpu1In Lucké, Associate Professor of Pathology, University of Pennsyl- 
vania. 


BOTANY 


I. INVESTIGATION 


B. M. Ducear, Professor of Physiological and Economic Botany, University 
of Wisconsin. 

C. E. Atten, Professor of Botany, University of Wisconsin. 

S. C. Brooks, Professor of Zodlogy, University of California. 

Ivey F. Lewis, Professor of Biology, University of Virginia. 

Ws. J. Rossins, Professor of Botany, University of Missouri. 
2 
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II. INSTRUCTION 


Witi1am RAnpotpeH Taytor, Professor of Botany, University of Penn- 
sylvania. 


HANNAH T. CRrOASDALE, Biological Abstracts, University of Pennsylvania. 
James P. Poors, Professor of Evolution, Dartmouth College. 


LIBRARY 


Priscitta B. Montcomery (Mrs. THomas H. Montcomery, Jr.), Li- 
brarian. 


DesorAH LAWRENCE, Secretary. 


Hester ANN BrApBuRY, HAzEL BLANCHARD, MAry A. ROHAN, Assistants. 


CHEMICAL SUPPLIES 
Oscar W. RicuHarps, Instructor in Biology, Yale University. 
SCIENTIFIC APPARATUS AND TECHNICAL SUPPLIES 
SAMUEL E. Ponp, Assistant Professor of Physiology, Schools of Medicine 
and Dentistry, University of Pennsylvania, in charge. 


A. R. Apcar, Photographer. Lester F. Boss, Mechanician. 
J. D. Grauam, Glassblower. P. H. LiLyestranp, Assistant. 


MUSEUM 
Georce M. Gray, Curator. 


SUPPLY DEPARTMENT 


James McInnis, Manager. WaLTER KAHLER, Collector. 
A. M. Hutton, Collector. GEOFFREY Leny, Collector. 


Mitton B. Gray, Collector. A. W. Leatuers, Shipping. 


BOATS 
Joun J. Veeper, Captain. E. M. Lewis, Chief Engineer. 


F. M. MacNaucnt, Business Manager. 
Hersert A. Hitton, Superintendent of Buildings and Grounds. 


Tuomas Larkin, Superintendent of Mechanical Department. 
Wititram Hemenway, Carpenter. 


2. INVESTIGATORS AND STUDENTS, 1931 
Independent Investigators 


Apams, A. Evizasetu, Professor of Zodlogy, Mount Holyoke College. 

Appison, WILLIAM H. F., Professor of Normal Histology and Embryology, Uni- 
versity of Pennsylvania. 

ALLEE, W. C., Professor of Zodlogy, University of Chicago. 

AMBERSON, WILLIAM R., Professor of Physiology, University of Tennessee. 

ANDERSON, Rusert S., Research Associate, Princeton University. 


ArMsTRONG, Puuir B., Assistant Professor of Anatomy, Cornell University Medi- 
cal College. 
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Astrom, I, EttsasetH, Class Assistant, University of Toronto. 

Austin, Mary L., Instructor in Zodlogy, Wellesley College. 

BaliLey, Percy L., Jr., Instructor in Physiology, College of the City of New York. 

BaITsELL, Georce A., Professor of Biology, Yale University. 

Bakwin, Harry, Assistant Clinical Professor, New York University. 

BAKwWIN, RutH Morris, Instructor in Pediatrics, New York University. 

Ba.i, Eric G., Instructor in Physical Chemistry, Johns Hopkins University Medi- 
cal School. 

BALLARD, WILLIAM W., Instructor in Zodlogy, Dartmouth College. 

Barb, Purwip, Assistant Professor of Physiology, Harvard Medical School. 

Barron, E. S. GuzMan, Research Associate, University of Chicago. 

BartH, L. G., National Research Council Fellow, University of Chicago. 

Beams, H. W., Assistant Professor of Zodlogy, State University of Iowa. 

BeLkin, Morris, Instructor in Biology, Washington Square College, New York 
University. 

BeuTNeRr, R., Professor of Pharmacology, University of Louisville, School of Med- 
icine. 

BISSONNETTE, THoMAS H., Professor of Biology, Trinity College. 

Bopansky, Oscar, Instructor in Pediatrics, New York University and Bellevue 
Hospital. 

Boropin, D. N., 621 West 42d Street, New York City. 

BowLinG, RACHEL, Instructor in Zodlogy, Columbia University. 

Brab.ey, H. C., Professor of Physiological Chemistry, University of Wisconsin. 

BripGes, Cavin B., Research Assistant in Genetics, Carnegie Institution of Wash- 
ington. 

BRINLEY, Fioyp J., Assistant Professor of Zodlogy, North Dakota State College. 

BRONFENBRENNER, J., Professor of Bacteriology and Public Health, Washington 
University Medical School. 

BupincTon, Ropert A., Professor of Zodlogy, Oberlin College. 

Caxins, Gary N., Professor of Protozodlogy, Columbia University. 

CANNAN, Rosert K., Professor of Chemistry, New York University and Bellevue 
Hospital Medical College. 

CARPENTER, RussEtt L., Instructor in Anatomy, College of Physicians and Sur- 
geons, Columbia University. 

Carver, Gait L., Professor of Biology, Mercer University. 

CastL_e, Witu1aM A., Instructor in Biology, Brown University. 

CatTTELL, WARE, New York University. 

CHAMBERS, Rosert, Research Professor and Chairman of Department of Biology, 
Washington Square College, New York University. 

CueEeEver, CLARENCE A., Member, Boston Society of Natural History. 

Cueney, RAtpPH H., Chairman, Biology Department, Long Island University. 

Curpester, F. E., Professor of Zoology, West Virginia University. 

Curistiz, Jesse R., Associate Nematologist, United States Department of Agri- 
culture. 

CLarK, ELEANOR LinToN, Research Assistant in Anatomy, University of Pennsyl- 
vania. 

Criark, Exior R., Director of Department of Anatomy, University of Pennsylvania. 

Ciowes, G. H. A., Director, Lilly Research Laboratories. 

Coss, N. A., Principal Nematologist, United States Department of Agriculture. 

Cor, WEsLEY R., Professor of Biology, Yale University. 

Cote, Evsert C., Associate Professor of Biology, Williams College. 

Cote, Kennetu S., Assistant Professor of Physiology, College of Physicians and 
Surgeons, Columbia University. 

ConkKLIN, Epwin G., Professor of Biology, Princeton University. 

CoonriE.Lp, B. R., Instructor in Zodlogy, Brooklyn College of the City of New 
York. 
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CopeLAND, Manton, Professor of Biology, Bowdoin College. 

Cownkry, E. V., Professor of Cytology, Washington University. 

Cow es, R. P., Professor of Zodlogy, Johns Hopkins University. 

Curtis, W. C., Professor of Zoélogy, University of Missouri. 

Curwen, A ice O., Instructor in Histology and Embryology, Woman’s Medical 
College of Pennsylvania. 

Danks, W. B. C., Government Officer of Kenya Colony. 

Darran, Wo. C., Fellow in Paleobotany, Carnegie Museum, University of Pitts- 
burgh. 

Dawson, ALDEN B., Associate Professor of Zodlogy, Harvard University. 

Dawson, J. A., Assistant Professor of Biology, College of the City of New York. 

Dopps, Gipeon S., Professor of Histology and Embryology, West Virginia Uni- 
versity. 

Do.tiey, WiLL1AM L., Jr., Professor of Biology, University of Buffalo. 

DonaLpson, Henry H., Member, Wistar Institute. 

DuBots, Eucene F., Professor of Medicine, Cornell University Medical College. 

Dunpar, Francis F., Graduate Assistant in Zodlogy, Columbia University. 

Epwarps, Dayton J., Associate Professor of Physiology, Cornell University Medi- 
cal College. 

Ernarson, Larus, Research Fellow of the Rockefeller Foundation, Harvard Uni- 
versity Medical School. 

Faitxa, G., Physicist, Memorial Hospital, New York City. 

Favittt, GIovANNI, First Assistant in the Institute of General Pathology, Royal 
University, Florence, Italy. 

Focc, Lioyp C., Instructor in Biology, Washington Square College, New York 
University. 

Fraser, Dorts A., Assistant in Anatomy, University of Pennsylvania. 

Frencu, Cuartes S., Graduate Student and Assistant in General Physiology, 
Harvard University. 

Fry, Henry J., Professor of Biology, Washington Square College, New York 
University. 

Furtu, Jacos, Associate in Pathology, The Henry Phipps Institute. 

Garrey, W. E., Professor of Physiology, Vanderbilt University School of Medi- 
cine. 

Gayet, ReNné£, Directeur Adjoint Laboratoire de Physiologie Pathologique, Collége 
de France. 

GEIMAN, QuENTIN M., Director of Science Department, Swarthmore Preparatory 
School. 

GELFAN, SAMUEL, Assistant Professor of Physiology and Pharmacology, Univer- 
sity of Alberta. 

Gerarp, R. W., Associate Professor of Physiology, University of Chicago. 

Gitson, Lewis E., Instructor in Biochemistry, University of Cincinnati. 

Goxprors, A. J., Professor of Biology, College of the City of New York. 

Goopricu, Husert B., Professor of Biology, Wesleyan University. 

Grave, B. H., Professor of Zoology, DePauw University. 

Grave, CASWELL, Professor of Zodlogy, Washington University. 

GREEN, ArpDA A., Research Fellow in Physical Chemistry, Harvard University 
Medical School. 

GrREENWoop, ALAN W., Lecturer, Institute of Genetics, University of Edinburgh. 

Grunprest, Harry, National Research Council Fellow, Johnson Foundation, Uni- 
versity of Pennsylvania. 

Haptey, CHarzes E., Assistant Professor of Biology, New Jersey State Teachers 
College. 

HAuNERT, WILLIAM F., National Research Fellow, The Johns Hopkins University. 

Ham, Artuur W., Instructor in Cytology, Washington University School of Med- 
icine. 
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HAMBURGER, Rupo.F T., Assistant in the Medical Clinic, University of Groningen, 
Holland. 

Harn_y, Morris H., Assistant Professor, New York University. 

Hart ine, H. K., Fellow, Johnson Foundation, University of Pennsylvania. 

Harvey, EtHet Browne, Assistant in Biology, Washington Square College, New 
York University. 

Harvey, E. Newton, Professor of Physiology, Princeton University. 

Hayben, Marcaret A., Assistant Professor of Zoology, Wellesley College. 

Haynes, FLorence W., Harvard University Medical School. 

Haywoop, CHARLOTTE, Associate Professor of Physiology, Mount Holyoke College. 

HEILBRUNN, L. V., Associate Professor of Zodlogy, University of Pennsylvania. 

Hetwic, Epwin R., Instructor, University of Pennsylvania. 

HENDERSON, JEAN T., Lecturer, McGill University. 

HENSHAW, Paut S., Biophysicist, Memorial Hospital, New York City. 

Hitt, SaMuet E., Assistant in Physiology, Rockefeller Institute. 

Hoaptey, Leicu, Professor of Zoélogy, Harvard University. 

Hopce, Cuar_es, Jr., Instructor in Zodlogy, University of Pennsylvania. 

Hopce, Rutu M. Parrick, University of Virginia, Charlottesville, Virginia. 

Hocur, Mary JANE, Instructor in Anatomy, Medical School, University of Penn- 
sylvania. 

Hook, Sasra J., Instructor in Biology, University of Rochester. 

Hopper, Exxa N., Research Assistant, Division of Laboratories and Research, New 
York State Department of Health. 

Horning, E. S., University of Sydney. 

Howarp, Evetyn, University of Pennsylvania. 

Howe, H. E., Editor, Industrial and Engineering Chemistry. 

HuetTNer, ALrrep F., Associate Professor, Washington Square College, New 
York University. 

Imat, TAKEO, Assistant in Biology, Tohoku Imperial University, Sendai, Japan. 

IrvinGc, LAuRENCE, Associate Professor of Physiology, University of Toronto. 

IRwin, Marian, Associate, Rockefeller Institute. 

Jacoss, M. H., Professor of General Physiology, University of Pennsylvania. 

Jou.rn, J. M., Associate Professor of Biochemistry, Vanderbilt University, School 
of Medicine. 

Jounson, Duncan S., Professor of Botany, Johns Hopkins University. 

Jounson, H. Hersert, Instructor, College of the City of New York. 

JouNston, Rospert L., Head of Research Division, Cleveland Clinic Foundation. 

KAUFMANN, Berwinp P., Professor of Botany, University of Alabama. 

Keere, Rev. A. M., Rector, St. Norbert College. 

KeiL, Etsa M., Instructor in Zodlogy, New Jersey College for Women. 

Kitte, Frank R., Associate Professor of Biology, Birmingham-Southern College. 

KrnpreD, JAMEs E., Associate Professor of Histology and Embryology, University 
of Virginia. 

KinG, Ropert L., Associate Professor, State University of Iowa. 

Kirsy-SMitH, Henry T., Instructor in Anatomy, University of Pennsylvania. 

KNnower, Henry McE., Associate Professor of Anatomy, Albany Medical College. 

KNOWLTON, FRANK P., Professor of Physiology, Syracuse University, College of 
Medicine. 

Kostir, WENCEL J., Assistant Professor of Zoology, Ohio State University. 

Lackey, JAMEs B., Professor of Biology, Southwestern. 

Levine, Puivip, Associate, Rockefeller Institute. 

Lewis, Ivey F., Professor of Botany, University of Virginia. 

Lituie, Frank R., Chairman of the Department of Zodlogy, University of Chicago. 

Lituig, RAvPuH S., Professor of General Physiology, University of Chicago. 

LoeBeL, Ropert O., Fellow, Cornell University Medical College. 

Lucas, ALFRED M., Assistant Professor of Cytology, Washington University Med- 
ical School. 
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Lucas, Mirtam Scott, Instructor in Cytology, Washington University Medical 
School. 

LuckE, Batpurn, Associate Professor of Pathology, University of Pennsylvania. 

Lunp, E. J., Professor of Physiology, University of Texas. 

Lyncu, RutH Srockrn«, Instructor in Genetics, Johns Hopkins University. 

McCvung, C. E., Director, Zodlogical Laboratory, University of Pennsylvania. 

McGtong, Bartscis, Instructor in Physiology, University of Pennsylvania. 

McGoun, Ratpu C., Jr., Instructor in Biology, Amherst College. 

McGrecor, James H., Professor of Zoélogy, Columbia University. 

MarcoLin, Sypney, Graduate Student, Columbia University. 

MaTHEws, Aubert P., Carnegie Professor of Biochemistry, University of Cincin- 
nati. 

Mavor, James W., Professor of Biology, Union College. 

Metz, Cuar.es W., Professor, Johns Hopkins University. 

Micwae is, L., Member, Rockefeller Institute for Medical Research. 

MILLER, HELEN M., National Research Council Fellow, Johns Hopkins University. 

MiTcHELL, Puiip H., Professor of Physiology, Brown University. 

Morcan, ANN H., Professor of Zoology, Mount Holyoke College. 

Morcan, Livian V., California Institute of Technology. 

Morean, T. H., Professor of Biology, California Institute of Technology. 

MorcGu.is, SerGcirus, Professor of Biochemistry, University of Nebraska. 

Morritt, Cuarves V., Associate Professor of Anatomy, Cornell University Med- 
ical College. 

Morris, Heten S., Graduate Student, Columbia University. 

Nasrit, S. Mitton, Professor of Biology, Morehouse College. 

Navez, Aubert E., Lecturer in General Physiology, Harvard University. 

NELSEN, OLIN E., Instructor in Zodlogy, University of Pennsylvania. 

NICHOLAS, WARREN W., X-Ray Physicist, National Bureau of Standards. 

Nonivez, José F., Assistant Professor of Anatomy, Cornell University Medical 
College. 

Orr, Paut R., Instructor, University of Pennsylvania. 

OsterHouT, W. J. V., Member, Rockefeller Institute for Medical Research. 

Packarp, CHARLES, Assistant Professor of Zoology, Columbia University. 

Papenruss, Georce F., Student Assistant, Johns Hopkins University. 

Parker, G. H., Professor of Zoology, Harvard University. 

PARMENTER, CHARLES L., Associate Professor of Zoology, University of Pennsyl- 
vania. 

Parpart, ArTHUR K., Instructor in Physiology, University of Pennsylvania. 

Patcu, Ester M., Windsor, Vermont. 

PayNE, FerNANDuS, Head of Department of Zoology and Dean of Graduate 
School, Indiana University. 

Payne, NELLIE M., University of Pennsylvania. 

PEEBLES, FLORENCE, Professor of Biology, California Christian College. 

Pinney, Mary E., Professor of Zodlogy, Milwaukee-Downer College. 

PioucH, Haro.p H., Professor of Biology, Amherst College. 

PoLLisTER, ARTHUR W., Instructor in Zodlogy, Columbia University. 

PoL.LisTER, PrisciLLA Frew, Graduate Student, Columbia University. 

Ponp, Samuet E., Assistant Professor of Physiology, University of Pennsylvania. 

Poo.e, James P., Professor of Evolution, Dartmouth College. 

RaFFEL, DANIEL, Fellow, Johns Hopkins University. 

REDFIELD, HELEN, California Institute of Technology. 

Reese, ALBERT M., Head of Department of Zodlogy, West Virginia University. 

pE Reny1, Georce S., Associate Professor of Anatomy, University of Pennsylvania. 

REZNIKOFF, PAuL, Instructor in Medicine, Cornell University Medical College. 

RicHarps, ALFRED N., Professor of Pharmacology, University of Pennsylvania. 

Ricuarps, Oscar W., Instructor in Biology, Yale University. 
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RIJLANT, Prerre, Professor of Human Physiology, University of Brussels. 

Ris.ey, Paut L., Instructor in Zodlogy, University of Michigan. 

Root, Water S., Assistant Professor of Physiology, College of Medicine, Syra- 
cuse University. 

RuGuH, Roserts, Instructor in Zodlogy, Hunter College. 

Say_es, Leonarp P., Instructor in Biology, College of the City of New York. 

ScHAUFFLER, WILLIAM G., Princeton, New Jersey. 

Scumuiont, Ina T. Genter, Research Fellow, Children’s Hospital, Cincinnati, Ohio. 

Scumipt, Leon H., Research Fellow, University of Cincinnati. 

SCHRADER, FRANZ, Professor of Zoology, Columbia University. 

ScurRADER, SALLY HuGues, Columbia University. 

ScuHuLtz, Jack, Investigator, Carnegie Institute of Washington. 

Scott, Sister FLorENceE Marte, Assistant Professor, Seton Hill College. 

SELLMEYER, BERNARD L., Head of Department and Professor of Biology, Loyola 
University. 

SEVERINGHAUS, AuRA E., Assistant Professor of Anatomy, Columbia University. 

SicK.es, Grace, Assistant Bacteriologist, New York State Department of Health. 

S.iFER, ELEANOR H., National Research Council Fellow in Zodlogy, State Univer- 
sity of Iowa. 

Snook, THEODORE, Instructor in Histology and Embryology, Cornell University. 

SONNEBORN, Tracy M., Research Associate, Johns Hopkins University. 

SpEImDEL, Cart C., Associate Professor of Anatomy, University of Virginia. 

SPEMANN, Haws, Travelling Professor, Rockefeller Foundation. 

STEINBACH, Henry Burk, Instructor in Zoology, University of Pennsylvania. 

Stewart, Dororuy R., Assistant Professor of Biology, Skidmore College. 

Strockarp, CHARLEs R., Professor of Anatomy, Cornell University Medical College. 

STREET, SIBYL, 29 Jewett Place, Utica, New York. 

SrroncG, Oxiver S., Professor of Neurology and Neuro-Histology, Columbia Uni- 
versity. 
SUMWALT, Marcaret, Assistant Professor of Physiology, Woman’s Medical Col- 
lege of Pennsylvania. . 
Tart, Cuartes H., Jr. Associate Professor of Pharmacology, University of 
Texas, Medical School. 

TASHIRO, SHtRO, Professor of Biochemistry, University of Cincinnati. 

TayLor, WM. RANDOLPH, Professor of Botany, University of Michigan. 

Titter, IrvinG A., Assistant in Zoology, Columbia University. 

Titus, CHares P., East Orange, New Jersey. 

Tonyama, Guzo, Assistant Professor, Tokyo Imperial University. 

TurRNeER, JoHN P., Instructor in Zodlogy, University of Minnesota. 

Tyier, ALBerT, Instructor in Embryology, California Institute of Technology. 

Uncer, W. Byers, Assistant Professor of Zodlogy, Dartmouth College. 

Van Syke, E., Instructor, University of Pittsburgh. 

Vicari, Emitia M., Research Associate in Anatomy, Cornell University Medical 
College. 

Wa ker, RutH I., Instructor in Botany, University of Wisconsin. 

Warren, Howarp C., Professor of Psychology, Princeton University. 

Wuepon, Artuur D., Professor of Zodlogy and Head of Department of Zoology 
and Physiology, North Dakota Agricultural College. 

Wuirtaker, D. M., Assistant Professor of Zoology, Columbia University. 

Wuitinc, ANNA R., Professor of Biology, Head of Department, Pennsylvania Col- 
lege for Women. 

Wuirtine, P. W., Associate Professor of Zodlogy, University of Pittsburgh. 

Wireman, H. L., Professor of Zodlogy, University of Cincinnati. 

Witson, EpMunp B., Professor Emeritus, Columbia University. 

Wirtscul, Emi, Professor of Zoology, State University of lowa 
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Wopbenouse, Rocer P., Director of the Biological Laboratory, The Arlington 
Chemical Co. 

Worr, E. Acrrep, Assistant Professor of Zodlogy, University of Pittsburgh. 

WoopwarpD, ALvaLyN E., Assistant Professor, University of Michigan. 

Younc, Rocer Artrner, Assistant Professor of Zodlogy, Howard: University. 


Beginning Investigators 


Apams, Epcar M., Laboratory Assistant, University of Cincinnati. 

ApGar, Grace M., University of Pennsylvania. 

Atias, MEYER, Assistant in Embryology, Columbia University. 

AURINGER, JACK, Graduate Student, Detroit City College. 

Beck, Lyte V., Graduate Assistant in Physiology, New York University. 

BenKert, JosepH M., Science Director, Ambridge High School. 

BeNKERT, LyspetTH HAMILTON, Instructor, Pennsylvania College for Women. 

Bostran, C. H., Assistant Professor of Zodlogy, North Carolina State College. 

BrapwaAy, WINNEFRED, Assistant in Biology, Washington Square College, New 
York University. 

BucuHueElt, J. Ropert, Graduate Assistant in Zoology, University of Illinois. 

Cas_e, Raymonp M., Teaching Assistant, New York University. 

Carson, J. Gorpon, Demonstrator in Biology, Bryn Mawr College. 

Cuen, T. T., Instructor and Graduate Student, University of Pennsylvania. 

CuHor, HERMAN, Research Fellow, Washington University Medical School. 

Curing, Exsiz, Graduate Student, Johns Hopkins University. 

CouEN, Bernarp M., Student, Johns Hopkins University. 

Corson, SAMUEL A., University of Pennsylvania. 

CostELLo, Donacp P., Instructor in Zodlogy, University of Pennsylvania. 

CroaspaALeE, Hannan T., Scientific Staff of Biological Abstracts, University of 
Pennsylvania. 

Dan, Katsuma, University of Pennsylvania. 

DauGHERTY, KatTuryN, Research Assistant, University of Pennsylvania. 

Davis, J. F., Instructor in Zodlogy, University of Pennsylvania. 

Dearinc, WitLiaM H., Student, University of Pennsylvania Medical School. 

Eastiick, Hersert L., Part Time Assistant, Washington University. 

Frectp, MADELEINE E., Research Fellow in Physiology, Harvard School of Public 
Health. 

Gi_morgE, Katuryn, Graduate Student, University of Pittsburgh. 

Gray, Nina E., Assistant in Zoology, University of Wisconsin. 

Green, Davin E., Assistant, Washington Square College, New York University. 

HamBurGu, Morton, Johns Hopkins University Medical School. 

Hetss, E.izasetu, Instructor in Histology, Purdue University. 

Hitt, Epcar S., University of Cincinnati. 

HITscHLER, WILLIAM J., Research Worker, University of Pennsylvania. 

IsHu, Kenyrro, Graduate Student, University of Cincinnati. 

Jackson, JoHN R., Graduate Assistant in Botany, University of Missouri. 

Jones, Epcar P., Instructor, University of Pittsburgh. 

Katz, Jacos D., Graduate Student, New York University. 

Keitcu, ANNA K., Lilly Research Laboratories. 

Kipper, Georce W., Graduate Student, Columbia University. 

KINNEY, ELizaBetH T., Assistant in Zoology, Barnard College. 

KraJNIK, BoHuMIL, Research Assistant, University at Bratislava, Czechoslovakia. 

LAMBERT, ExizaBetH F., Technician, Harvard University Medical School. 

LunpstroM, HELEN M., Graduate Student, University of Pennsylvania. 

McQuesten, Barsara, 14 Still Street, Brookline, Massachusetts. 

MAcHELLA, THomaAs E., Assistant Instructor, University of Pennsylvania. 

Mann, D. R., Graduate Assistant, Duke University. 

MarSHAK, ALFRED, Student, Bussey Institution. 
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MarsLanp, Douctas A., Assistant Professor of Biology, Washington Square Uni- 
versity, New York University. 

Meparis, Don, Student, DePauw University. 

MELTzER, ApoteH, Student, Cornell University Medical College. 

MENDELSON, EMANUEL S., Research Technician, University of Pennsylvania. 

Micuwae is, Eva, 1185 Park Avenue, New York City. 

Morris, SAMUEL, Instructor in Zodlogy, University of Pennsylvania. 

Nicort, Paut A., Part Time Assistant, Washington University. 

OLTMANN, Cxara, Student, Columbia University. 

Ormssy, ANbrEw A., 14209 Winthrop Avenue, Detroit, Michigan. 

Parks, Mark E., Assistant in Biology, New York University. 

Pierce, MADELENE E., Graduate Student, Radcliffe College. 

Powers, Pui B., Instructor in Zodlogy, University of Pennsylvania. 

Ropinson, Exxis J., Graduate Assistant, New York University. 

Root, CLinton W., Assistant in Biochemistry, Princeton University. 

SCHECHTER, Victor, College of the City of New York. 

Scuuett, J. F., Assistant in Zodlogy, University of Chicago. 

SCHWEITZER, Morton D., Assistant in Zodlogy, Columbia University. 

SHaprro, Herpert, Assistant in Zodlogy, Columbia University. 

Suaw, C. Rutu, Faculty Member, Kent State College. 

SuHore, AGNes, Instructor in Chemistry, Bellevue Medical College, New York 
University. 

SICHEL, FerpINAND J., Assistant Instructor, Washington Square College, New 
York University. 

SouTHWICcK, WALTER E., Student, Harvard University. 

SpreIcHeER, B. R., Graduate Assistant, University of Pittsburgh. 

Stancatl, Mitton F., Graduate Assistant, University of Pittsburgh. 

StrurpDIvANT, H. P., Instructor, Columbia University. 

Torvik, MAGNHILD, Graduate Assistant, University of Pittsburgh. 

TowNseEND, Grace, Fellow, University of Chicago. 

Twyerrort, Louis H., Instructor in Biology, Princeton University. 

Watp, Georce, Research Assistant, Columbia University. 

Wa ker, Paut A., Student, Bowdoin College. 

WEINER, ELEANOR, Graduate Student, University of Pennsylvania. 

WEISMAN, MAXxweELL N., Fellow, College of the City of New York. 

Wetty, Cart, Assistant Professor of Biology, Parsons College. 

Wipe, Mary H., Graduate Assistant in Botany, New Jersey College for Women. 

WiuiaMs, Mary E., 37 Addington Road, Brookline, Massachusetts. 

Winsor, Acnes A., Volunteer Associate in Biology, School of Hygiene, Johns 
Hopkins University. 

Winsor, Cuartes P., Associate in Biology, School of Hygiene and Public Health, 
Johns Hopkins University. 


Research Assistants 


ALDERMAN, EvANGELINE, Graduate Assistant, Wellesley College. 

ARMSTRONG, ELEANOR F., Cornell University Medical College. 

ASHKENAZ, Davin M., Assistant in Biology, New York University. 

BaiLey, Saran W., Student, Radcliffe College. 

Boyp, Mitrorp J., Assistant Graduate Student, University of Cincinnati. 

Burtt, CHARLEs, Research Assistant, Princeton University. 

CaRABELLI, A. ALBERT, Medical Student, University of Pennsylvania. 

Cotpwater, K. B., Instructor in Zodlogy, University of Missouri. 

Core, Rogert, 45 King Street, Oberlin, Ohio. 

Davis, James E., Laskar Fellow and Research Assistant in Medicine, University 
of Chicago. 
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DuBois, ANNE Marte, Research Assistant, Carnegie Institution of Washington. 

ERLANGER, MarGAreT, Harvard University Medical School. 

Eyre, Saran W., Research Assistant, Long Island University. 

Fow ter, J. R., Research Assistant, University of Chicago. 

Francis, Dorotuy S., Research Assistant in Biophysics, Memorial Hospital, New 
York City. 

FRIEDHEIM, Ernst A. H., Rockefeller Institute. 

Grawam, CLareNce H., National Research Fellow, Johnson Foundation, Univer- 
sity of Pennsylvania. 

GravuBarp, Marc A., National Research Council Fellow. 

Harn ty, Marte L., Assistant in Biology, New York University. 

HaARRYMAN, ILENE, Lilly Research Laboratories. 

HENSHAW, CurisTINE T., Assistant Biophysicist, Memorial Hospital, New York 
City. 

HitsMAN, HELEN, Assistant, University of Pittsburgh. 

Hott, HELEN, Assistant, Washington Square College, New York University. 

Homes, Marcet V. L., Assistant in Botany, University of Brussels. 

LARRABEE, Martin G., Student, Harvard College. 

Parks, EvizasetH K., Instructor in Histology and Embryology, Boston Univer- 
sity Medical School. 

Parpart, ETHEL R., 230 Nassau Street, Princeton, New Jersey. 

Rempe, A.ors E., Washington University Medical School. 

ScHLUGER, JACK, Research Assistant, New York University. 

Scumuck, M. Loutse, Research Assistant, Carnegie Institution. 

Scott, ALLAN C., Graduate Assistant in Zodlogy, University of Pittsburgh. 

SELL, James P., Student, Oberlin College. 

SMITH, HELEN BEreENIcE, Research Assistant, Carnegie Institution of Washington. 

Situ, M. Doreen, Research Assistant, University of Toronto. 

SmitH, SuzANNE G., Research Assistant, University of Missouri. 

Sroxes, Juxia C., Research Assistant, Washington University. 

TanoG, Per-SunG, Research Fellow, Harvard University. 

Tocxer, ALBERT M., Research Assistant, Washington University Medical School. 

Tyrer, Betty S., California Institute of Technology. 

Van A.styNne, Marcaret A., Assistant, Harvard University Medical School. 

Wao, Lucite W., Lilly Research Laboratories. 

Wixson, Hivpecarp N., Teaching Fellow, New York University and Bellevue 
Hospital Medical College. 

Youne, Saut B., Technician, Rockefeller Institute. 


Students 


BOTANY 


ALTLAND, CLair S., American University. 

ANprEw, Barsara R., Assistant Instructor in Botany, University of Alabama. 
Bryan, Hicau F., Smith College. 

Hunt, Witi1am, Student, Southwestern. 

Jackson, Joun R., Graduate Assistant in Botany, University of Missouri. 
Moore, CAROLINE, Student, University of Pennsylvania. 

Perry, Liry M., Graduate Student, Washington University. 


EMBRYOLOGY 


ALDERMAN, EvaNGELINE, Graduate Assistant, Wellesley College. 
ALEXANDER, Lioyp E., Instructor, Fisk University. 
ALEXANDERSON, AMELIE M., Student, Bryn Mawr College. 
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Boone, ELeanor S., Instructor in Zodlogy, Mills College. 

BucuueElt, J. Ropert, Assistant in Zodlogy, University of Illinois. 

Buck, Marcaret A., Student, University of Maine. 

CaBLe, RayMonp M., University Fellow, New York University. 

Car_son, J. Gorpon, Graduate Student, University of Pennsylvania. 

Cuase, Hyman Y., Graduate Student, Howard University. 

CueEn, Hsin T., Student, Harvard University. 

Coutter, Epirn A., Student, Goucher College. 

Denny, Marta, Radcliffe College. 

Derrickson, Mary B., Graduate Assistant, Syracuse University. 

Dick, Georce A., Professor of Animal Industry, University of Pennsylvania. 
KastTon, BENJAMIN J., Graduate Student, Yale University. 

MAGRUDER, SAMUEL R., Graduate Assistant in Zodlogy, University of Cincinnati. 
Newcomer, A. VirciniA, Radcliffe College. 

OPPENHEIMER, JANE M., Student, Bryn Mawr College. 

PiyLer, Puyiiis V., Goucher College. 

Price, Joun B., Graduate Student, Stanford University. 

Sawyer, E.i1zAsetH L., 29 Elm Street, Bangor, Maine. 

SELL, James P., Oberlin College. 

SHEA, MarGcaret M., Graduate Assistant, Wellesley College. 

Situ, WILsoN F., Jr., Student, Cornell University Medical College. 
TOWNSEND, GRACE, Fellow, University of Chicago. 

Wacker, Paut A., Bowdoin College. 

Weep, Mitton R., Wesleyan University. 

Wooprurr, Betu H., Graduate Assistant, Western Reserve University. 
Woopsipe, Gitsert L., Assistant in Embryology Laboratory, DePauw University. 


PHYSIOLOGY 


Barney, Raymonp L., Professor of Biology, Middlebury College. 

Beck, Lyie V., Graduate Assistant, New York University. 

FisHer, KENNETH C., Student, Acadia University. 

GaETJENS, Laura C., Elmira College. 

Green, Davin E., Teaching Fellow, New York University. 

Heiss, E.izaseru M., Instructor in Biology, Purdue University. 

LunpstroM, HELEN M., Graduate Student, University of Pennsylvania. 

McQuesteN, Barpara, 14 Still Street, Brookline, Massachusetts. 

Micuae.is, Eva, 1185 Park Avenue, New York City, New York. 

Moore, E.inor, Student, University of Pennsylvania. 

Morcan, Isaper M., Student, Stanford University. 

Nott, CLareNcE I., Laboratory Assistant in Chemistry, Trinity College. 

Prosser, C. Lavp, Graduate Student and Assistant, Johns Hopkins University. 

Rem, Marion A., Instructor in Physiology, Boston University School of Medicine. 

Scuerp, Henry W., Assistant, Rockefeller Institute. 

SweEetMAN, Harvey L., Assistant Professor of Entomology, Massachusetts State 
College. 

Witarp, Wiii1aM R., Student, Yale School of Medicine. 


PROTOZOOLOGY 


ADELL, James C., Assistant, Teachers College, Columbia University. 
AURINGER, JACK, College of City of Detroit. 

Brown, Resecca R., Columbia University. 

Burr, Epiru Rocers, Columbia University. 

CARPENTER, HELENA JANE, Ohio Wesleyan University. 

Dee, M. BarBara, Assistant, Jamaica Plain High School. 
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Ericson, ALMA L., Critic Teacher in Biology, Hunter College Model School. 
Esxrince, Lypia C., Technical Assistant, Johns Hopkins University. 

FENTON, Frances E., Teacher of General Science, Connecticut College. 
HeENpeRSON, LILLIAN O., Instructor in Biology, H. Sophie Newcomb College. 
Hutcuincs, Lots M., Teacher of High School Biology, Newark, New Jersey. 
IcKEs, MARGUERITE, Teacher of Biology, Lincoln High School, Cleveland, Ohio. 
James, Miriam E., Science Teacher in High School, Gloucester, Massachusetts. 
Ormssy, Anpbrew A., College of City of Detroit. 

Sperry, HELEN O., Teacher of Biology, Cathedral School of St. Mary. 
Stewart, Paut A., University of Rochester. 

Warkins, Evetyn G., Student, Vassar College. 


INVERTEBRATE ZOOLOGY 


Acuaco, Cartos S., Assistant Professor of Biology, University of Havana. 

ANTHONY, Exizasetu S., Graduate Student, Brown University. 

BACHRACH, JOSEPHINE E., Student, Vassar College. 

Baker, E. G. STANLEY, Student Assistant, DePauw University. 

Barron, Donatp H., Graduate Student, Yale University. 

BELCHER, JANE C., Colby College. 

BreEwstTER, JAMES R., Biological. Production, University Film Foundation. 

Cuase, Hyman Y., Graduate Student, Howard University. 

Cuen, Hsin T., Student, Harvard University. 

CHINN, Mary Prisciiia, Goucher College. 

CLarK, ADELE F., Student, Tufts College. 

Ciark, JEAN M., Student, Wilson College. 

CLAUSEN, RAcpu G., Instructor, Union College. 

Conen, Bernarp M., Assistant in Zoology, Johns Hopkins University. 

Corey, H. Irene, Research Assistant and Secretary, University of Pennsylvania. 

CroLy, Joun T., Student, Dartmouth College. 

Drnuick, HELEN, Student, Wellesley College. 

Drew, R. W., Student, Wesleyan University. 

Drucc, HELEN, Teacher, University of Vermont. 

EastTLicK, Hersert L., Graduate Assistant in Zodlogy, Washington University. 

Euuis, Lora M., Assistant in Biology Department, Southwestern. 

Fisu, Harorp S., Student Assistant, Harvard University. 

Foruan, Laura Jo, Student, University of Montana. 

Fucus, Barrett, Student Assistant in Biology, American University. 

GERSTELL, RICHARD, Student, Dartmouth College. 

GuippEN, Dorotuy P., Smith College. 

Gopwin, MELvin, Student, DePauw University. 

Hecner, IsaBer, Student, Radcliffe College. 

Hetrick, LAWRENCE A., Jr., American University. 

Howarp, Joun W., Student, Hamilton College. 

Hussey, KATHLEEN L., Fellow in Zodlogy, Ohio Wesleyan University. 

Jerrerson, Marcaret D., Graduate Student, University of Pennsylvania. 

JouHnson, ARLENE C., Student, Wheaton College. 

Jones, E. R., Lecturer in Biology, Dalhousie University. 

KiLcorE, Byron, Jr., Butler University. 

KRAMER, THEODORE C., Research Assistant in Biology, Western Reserve Univer 
sity. 

LANGSTROTH, Murtet A., Dalhousie University. 

Mann, Donan R., Investigator, Duke University. 

METZNER, JEROME, Fellow, College of the City of New York. 

MoMENT, GAIRDNER B., Graduate Student, Yale University. 
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Nicott, Paut A., Graduate Assistant, Washington University. 

Pomerat, Cuar_es M., Assistant in Biology, Clark University. 

Raye, WiLi1aM H., Jr., Amherst College. 

RosENBAUM, Louise, Laboratory Assistant, University of Pennsylvania. 

ROUNTREE, KATHERINE E., Instructor in Biology, Wesleyan College. 

SANDERS, ROSALTHA, Student, Yale University. 

SmitH, Oscoop R., Hamilton College. 

So.perG, ArcuteE N., Instructor in Zodlogy, North Dakota Agricultural College. 

Stewart, Paut A., University of Rochester. 

Tuomas, THuRLO B., Graduate Assistant, Oberlin College. 

Warters, Mary, Assistant Professor of Zodlogy, Centenary College. 

WESTKAEMPER, SISTER REMBERTA, Head of Department of Biology, College of St. 
Benedict. 

Wiiarp, WiLLiAM R., Student, Yale School of Medicine. 

WIsMER, VarGINIA, Assistant, University of Pennsylvania. 

Younc, Grorce D., Student, Acadia University. 


3. TABULAR VIEW OF ATTENDANCE 


1927 1928 1929 

INVESTIGATORS—T otal 294 323 329 

Independent 209 217 234 
Under Instruction 57 81 
Research Assistants 25 


StuDENTs—Total 133 
Zoology 57 
Protozodlogy 16 
Embryology 29 
Physiology 15 
Botany 16 


TotaL ATTENDANCE 456 
Less Persons registered as both Students 
and Investigators z 


INSTITUTIONS REPRESENTED—T otal 
By Investigators 
By Students 


ScHOOLS AND ACADEMIES REPRESENTED 


By Investigators 
By Students 


ForREIGN INSTITUTIONS REPRESENTED 
By Investigators 
By Students 
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4. SUBSCRIBING AND COOPERATING INSTITUTIONS, 
1931 


Acadia University 

American University, Washington, 
D.C. 

Amherst College 

Barnard College 

Bowdoin College 

Brown University 

Bryn Mawr College 

Butler College 

C. R. B. Educational Foundation 

California Institute of Technology 

Carnegie Institution, Cold Spring 
Harbor 

Carnegie Institution of Washington 

College of St. Benedict 

Columbia University 

Cornell University 

Cornell University Medical College 

Dalhousie University 

Dartmouth College 

DePauw University 

Duke University 

Elmira College 

General Education Board 

Goucher College 

Hamilton College 

Harvard University 

Harvard University Medical School 

Howard University 

Hunter College 

Indiana University 

Industrial & Engineering Chemistry, 
of the American Chemical Society 

Johns Hopkins University 

Johns Hopkins University Medical 
School 

Eli Lilly & Co. 

Long Island University 

Loyola University 

Memorial Hospital of 
City 

Morehouse College 

Mount Holyoke College 

National Research Council 

New York State Department of 
Health 

New York University 

Oberlin College 


New York 


Pennsylvania College for Women 

Princeton University 

Radcliffe College 

Rockefeller Foundation 

Rockefeller Institute for 
Research 

Rutgers University 

Seton Hill College 

Smith College 

Sophie Newcomb College 

Southwestern 

Syracuse University 

Tufts College 

Union College 

United States Department of Agri- 
culture 

University of Buffalo 

University of Chicago 

University of Chicago 
School 

University of Cincinnati 

University of Illinois 

University of Iowa 

University of Minnesota 

University of Missouri 

University of Pennsylvania 

University of Pennsylvania Medical 
School 

University of Pittsburgh 

University of Rochester 

University of Texas 

University of Virginia 

University of Wisconsin 

Vanderbilt University 
School 

Vassar College 

Washington University 

Washington University Medical 
School 

Wellesley College 

Wesleyan University 

Western Reserve University 

West Virginia University 

Wheaton College 

Wilson College 

Wistar Institute of Anatomy and Bi- 
ology 

Yale University 


Medical 


Medical 


Medical 
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SCHOLARSHIP TABLES 


Lucretia Crocker Scholarships for Teachers in Boston. 

Scholarship of $100 supported by a friend of the Laboratory since 1898. 

The Edwin S. Linton Memorial Endowment of Washington and Jefferson 
College, given by Edwin Linton and Margaret Brownson Linton in 
memory of their son, member of the class of 1913, who gave his life in 
France during the World War. The endowment amounts to $2,500, and 
the income therefrom is to be used to encourage study and research at 
the Marine Biological Laboratory, Woods Hole, Massachusetts. 

The Bio Club Scholarship of the College of the City of New York. 


5. EVENING LECTURES, 1931 


Tuesday, June 23 
Dr. Leonor MICHAELIS “Theory of the Heme Pigments as 
Oxygen Carriers and as Oxidation 
Catalysts.” 
Friday, July 3 
Dr. E. B. WiLson ‘The Central Bodies.” Illustrated by 
Original Photomicrographs. 
Friday, July 10 
Dr. G. H. PARKER “ Humoral Agents in Nervous Activi- 
ties with Special Reference to Chro- 
matophores.” 
Friday, July 17 
Dr. Eviot R. Clark “The Microscopic Study of Cells and 
Tissues in the Living Mammal.” 
Friday, July 24 
Dr. T. H. Morcan ‘The Marine Laboratories of the 
World and Their Work.” 
Friday, July 31 
Dr. H. SPEMANN “Experiments on the Amphibian 
Egg.” 
Friday, August 7 
THE Reynotp A. SpaetH MEMo- 
RIAL Lecture, delivered by Dr. 
Ross G. Harrison “Problems and Methods of Experi- 
mental Embryology.” 
Friday, August 14 
Dr. F. L. Hisaw “The Corpus Luteum and Anterior 
Lobe Hormones and Their Physical 
Inter-relationships.” 
Friday, August 21 
Dr. Cartes R. StTocKARD “An Experimental Dog Farm for the 
Study of Form and Type.” 
Wednesday, August 26 
Dr. E. D. Concpon “Some Impressions, Racial and Cul- 
tural, of the Siamese.” 
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Friday, August 28 
Dr. J. H. McGrecor “ Motion Pictures Taken in the Bel- 
gian Congo and the Cameroon by 
the African Expedition (1929-30) 
of Columbia University and the 
American Museum of Natural His- 
tory.” 
Friday, September 4 
Dr. BrapLey M. Patton “Micro-moving Pictures Applied to 
the Study of the Living Embryo.” 


SPECIAL LECTURES AND MOTION PICTURES 
Saturday, July 18 
Motion PIcTURES “ Modern Studies of Sulphur.” 
‘Monel Metal.” 
Thursday, July 23 
PE Ce RES ce chvnnnacee ne ‘“* Geotropism in Plants.” 
Mr. LEONARD CRASKE .........02- “ The Art and Uses of Color Photog- 
raphy.” 
Thursday, August 20 
Motion PICTURES “Cleaving Eggs of Echinarachnius 
and Arbacia.” (Dr. Henry J. Fry) 
‘The Redistribution of Granules in 
Centrifuged Arbacia Eggs.” (Dr. 
E. N. Harvey) 
“ Arterio-venous Anastomoses.” (Dr. 
E. R. Clark) 
“ The Function of the Intestinal Villi.” 
(Dr. F. Verzar—comments by Dr. 
W. E. Garrey) 


6. SHORTER SCIENTIFIC PAPERS, 1931 
Tuesday, June 30 

Dr. G. S. Dopps “ Osteoclasts and Chondroclasts.” 

Dr. A. W. POoLuIsTeR “The Architecture of the Liver Cells 
of Amphiuma.” 

Dr. G. H. PARKER “Passage of Sperms and Eggs 
through the Mammalian Oviduct.” 

Tuesday, July 7 

Dr. A. C. REDFIELD * Effect of Hydrogen Ion Concentra- 
tion and Salt Concentration on the 
Oxygen Dissociation Constant of 
Hemocyanin.” 

Dr. LAURENCE IRVING “The Carbon Dioxide Dissociation 
Curve of Living Mammalian Mus- 
cle.” 

Dr. E. N. Harvey “ Photo-electric Records of Animal 
Luminescence.” 

Tuesday, July 14 

Dr. H. H. Ploucu “Some Observations on Self Sterility 

in Styela.” 
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Dr. R. CHAMBERS “ Evidence of a Direct Action of the 
Nucleus on the Cytoplasm in Tissue 
Cultures.” 
Dr. A. F. HUETTNER “Genetic Continuity of the Central 
Bodies.” 
Tuesday, July 21 
Dr. S. MorGutis “The Chemistry of Bone Ash.” 
Dr. J. M. JoHLIN “The Enolization of Gelatin by Neu- 
tral Salts.” 
Dr. E. S. GuzMAN Barron ‘ Oxidations Produced by Gonococci.” 
Dr. SHiro TASHIRO AND 
Mr. L. H. Scumipt * Bile Salts.” 
Monday, July 27 
Dr. J. P. TURNER “The Fibrillar System in Euplotes.” 
Dr. DANIEL RAFFEL “Types of Variation Produced by 
Conjugation in Paramecium aure- 
lia.” 
Dr. Rutu S. Lyncu “ Effects of Conjugation in a Number 
of Clones of Paramecium aurelia.” 
Dr. T. M. SoNNEBORN “ Crossing Diverse Clones of Parame- 
cium aurelia.” 
Wednesday, July 29 
UNDER THE AUSPICES OF THE SOCI- 
ETY OF CELLULAR BIOLOGY 
Dr. BaLtpuIn LuckE “The Mechanism of Bacteriotropin 
Action.” 
Dr. M. H. JAcoss AND 
Dr. A. K. PARPART “Ts the Permeability of the Erythro- 
cyte to Water Decreased by Nar- 
cotics ?” 
Dr. L. V. HEILBRUNN “The Action of the Common Cations 
on the Protoplasmic Viscosity of 
Amoeba.” 
Dr. R. CHAMBERS “ The Formation of Ice Crystals in the 
Protoplasm of Various Cells.” 
Tuesday, August 4 
Dr. E. F. DuBots “ Surface Temperature and the Radia- 
tion of Heat from the Human 
Body.” 
Dr. PIERRE RIJLANT “ Oscillographic Study of the Cardiac 
Ganglion of Limulus polyphemus.” 
Dr. D. M. WHITAKER ‘The Change in Rate of Oxygen Con- 
sumption at Fertilization of the 
Eggs of Chaetopterus, Cumingia, 
Nereis, Arbacia and Fucus.” 
Dr. R. W. GERARD “Phosphocreatin in Nerve in Rela- 
tion to Activity.” 
Tuesday, August 11 
Dr. W. H. F. Appison ‘Aquatic Mammals—A_ Description 
of a Special Cell Type in the Cere- 
bellum.” 
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Dr. C. C. SPEMEL ...............° Living Nerve Sprouts.” 

ees. 1, TE. ED oon ie aiss.cccsee “ Histologic Effects of Ligation on the 
Vasa of the Spleen of the Albino 
Rat.” 

DG: Si CURING oi von snc cisene “The Effect of Radium Irradiation 


Tuesday, August 18 
De: Henew B.. Serre... ......:0% Ps 


1 ee D 


OE eee a 


Tuesday, August 25 


Dr. Paut S. HENSHAW .......... 7 


Bie. Wianw CACTEEE:  .a..00s00080 ‘ 


Dr. E. A. Wotr AND 


Tee FE, GARNI oo oncccdcnsccs “ 


Sik, Kec 30, MANOR: 0s o:5-0.0:0:00-0000 _ 
Dr. Dmitry N. Boropin ......... 


Tuesday, September 1 


Tim; ASSERT TVEBR: ..c....2000000008 is 


De: Pann S. GALTOORP .....0.0...000.08 s 
Da. K. B. COmpwATER ......c.cce. - 


NER UN EN ok a 5 sys dao ne . 


Thursday, September 3 
Dr. CHARLOTTE HAywoop AND 


De. Warten S. Boor .......ccr0 o 


Dr. ArTHuR K. PARPART AND 


eS Ee A SRO, . ovicsncacnecnens ° 
I aa ™ 
De; Buwmret Coa ... ...sccscsien 
ms TG; I. EAE ..5nic0csenccccs at 


upon the Ovaries of the Albino 


Rat.” 


Genetic Studies on Selective Segre- 
gation of Chromosomes in Sciara.” 
Local and Correlative Gene Effects 
in Mosaics of Habrobracon.” 
Specific Modifiers in Drosophila 
melanogaster.” 


Recovery from X-ray Effects as Ob- 
served in Arbacia Eggs.” 

The Reaction of the Fundulus Ovum 
to the Direct Electric Current.” 


The Effect of Ultra-violet Radiation 
upon the Color Pattern of Triturus.” 
The Discharge of Nematocysts.” 
Biological Spectrum and M-rays.” 
( Motion pictures) 


Artificial Parthenogenesis in the 
Eggs of the Pacific Coast Echiu- 
roid, Urechis caupo.” 


‘Specificity of Sexual Reactions in 


the Genus Ostrea.” 

The Effect of Sulphydryl Com- 
pounds upon Regenerative Growth.” 
The Use of Live Nemas in Zoologi- 
cal Courses in Schools and Col- 
leges.” 


The Cleavage Rate of the Arbacia 
Egg in the Presence of Carbon Di- 
oxide and Bicarbonate.” 


The Action of Acetic Acid and Its 
Sodium Salt on the Cleavage of Ar- 
bacia Eggs.” 

Cataphoretic Studies of Marine 
Eggs.” 

Surface Forces of the Arbacia Egg.” 
The Tension at the Surface of Ar- 
bacia Eggs, Determined by Centrif- 
ugal Force.” 
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Dr. ETHEL BROWNE HARVEY ...... 
De: Basnure LUCE: .....scccnee 


Dr. M. H. JAcogs AND 


Dr. Dorotny R. STEWART ........ - 


Dr. Dorotuy R. STEWART AND 


EU Bs Ae AOE os oss scacsaeana E 


Dr. Mrr1Am Scott Lucas ........ 


ee 2 RS. CUE. cocaine wacakeauain r 


OE La ap ae pes ees F 


Poy 30; 2h: JOIN: fo ccnccnsweane 


ie: FP We. WIGREO i sacs cavssase 


Mr. L. V. BecK AND 


i Fo Te AS Co ncacwndwdounss r 


Si Cee fe, NEES oi cos scdeodene a 


Dr. G. H. A. Crowes, Dr. I. H. 


Pace AND Mr. H. A. SHONLE .....“ 


Miss ANNA Kettcu, Miss ILENE 
HARRYMAN AND Dr. G. H. A. 


SO ae oe ae 3 








Development of Arbacia Half-Eggs 
Produced by Centrifugal Force.” 


“Osmotic Properties of ‘ Fragments’ 


of Arbacia Eggs Obtained by Cen- 
trifugal Force.” 


A Method for the Quantitative 
Measurement of Cell Permeability.” 


The Effect of Fertilization on the 
Permeability of the Arbacia Egg to 
Ethylene Glycol.” 


“Recent Observations upon a Type of 


Fission Undescribed for Ciliates.” 
Selective Intra-Vitam Staining of 
Specific Elements in the Integument 
of the Squid.” 

Types of Nerve Regeneration, as 
Revealed by Prolonged Observation 
of Individual Fibers in Living Frog 
Tadpoles.” 


‘Centrioles and Other Cytoplasmic 


Bodies in Living Cells of Gryllids.” 
Genetic Results in Habrobracon 
Bearing on Maturation and Ferti- 
lization.” 


Oxidation-reduction Potentials of 
Cytolyzed and Intact Echinoderm 
Eggs.” 

Hemolysis of Fish Erythrocytes by 
an Impurity in Sodium Chloride.” 


On the Contrasting Cytolytic Ef- 
fects Exerted by Soaps of the Type 
of Sodium Ricinoleate and Sodium 
Oleate at Different H Ion Concen- 
trations and the Relation of These 
Effects to the Oil-water Interfacial 
Tensions Exerted by the Soaps in 
Question.” 


Influence of H Ion Concentration on 
the Anesthetic Value of a Series of 
General and Local Anesthetics and 
Hypnotics.” 


“The Action of Acid and Alkali on 


the Protoplasmic Viscosity of 
Amoeba dubia.” 
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Mr. H. B. STEINBACH “The Effect of Salts on the Injury 
Current of Scallop Muscle.” 

Dr. Ropert CHAMBERS AND 

Mr. D. A. MARSLAND “The Action of the Common Salts on 
the Protoplasm of the Echinoderm 
Egg.” 

. Morris BELKIN .............' Capping of Oils on Protoplasmic 

Surfaces.” 


DEMONSTRATIONS 


. Davip M. ASHKENAZ “The Effect of Sodium and Calcium 
Chlorides on Changes in Penetrabil- 
ity of Neutral Red.” 

. Eric G. BALL “Temolysis of Fish Erythrocytes by 
an Impurity in Sodium Chloride.” 

. Morris BELKIN “The Capping Phenomenon in 
Amoeba dubia.” 

. C. B. Brinpces “ Apparatus and Designs for Raising 
Drosophila.” 

. E. R. CirarKk, Mrs. E. L. CLark, 

H. T. Kirpy-SMITH AND 
’. J. HiTScHLER “Living Tissues as Seen in Trans- 
parent Chambers Introduced into 
the Rabbit’s Ear.” 
gs ats MII isos asd a Stearn ersie - Selective Intra-Vitam Staining of 
Specific Elements in the Integument 
of the Squid.” 

pp MET CORD o.oo o0.os.00,0000 . ‘An Egg Crusher.” 

. E. N. Harvey AND 

. E. B. Harvey “Arbacia Half-cells (Fertilized and 
Unfertilized) Produced by Centrif- 
ugal Force.” 

Dr. H. H. JoHNsoNn “Centrioles and Other Cytoplasmic 
Bodies in Living Cells of Gryllids.” 

Dr. Miriam Scott Lucas “* Demonstration of Fission of Cyatho- 
didinium piriforme.” 

Dr. “ Demonstration of Chromosomes of 
Sciara.” 

Dr. A. E. NAVE “ Cardiac Frequency of Anomya as a 
Function of Temperature.” 

Dr. “The Effect of Temperature upon the 
Duration of ‘ Death Feigning.’ ” 

Mr. F. J. M. SicHer “ Apparatus for Studying Tension in 
Isolated Muscle Cells.” 

Dr. C. C. SPEIDEL “Nerve Sprouts, Sheath Cells and 
Myelin Segments in Living Frog 
Tadpoles.” 

Dr. ANNA R. WuitiINnG, Miss 

Macnuitp M. Torvix, Mrs. Lys- 

BETH H. BENKERT AND Miss Katu- 

RYN A. GILMORE “ Exhibit of Mutants and Mosaics in 
Habrobracon.” 
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7. MEMBERS OF THE CORPORATION 


1. Lire MEMBERS 


Atuis, Mr. E. P., Jr., Palais Carnoles, Menton, France. 

ANpDREWS, Mrs. GWENDOLEN FouLkeE, Baltimore, Md. 

Bituincs, Mr. R. C., 66 Franklin St., Boston, Mass. 

ConkKLIN, Pror. Epwin G., Princeton University, Princeton, N. J. 

Cootipce, Mr. C. A., Ames Building, Boston, Mass. 

Crane, Mr. C. R., New York City. 

Evans, Mrs. GLENDOWER, 12 Otis Place, Boston, Mass. 

Fay, Miss S. B., 88 Mt. Vernon St., Boston, Mass. 

Foot, Miss Katuerine, Care of Morgan Harjes Cie, Paris, France. 

GARDINER, Mrs. E. G., Woods Hole, Mass. 

Jacxson, Miss M. C., 88 Marlboro St., Boston, Mass. 

Jackson, Mr. Cuas. C., 24 Congress St., Boston, Mass. 

Kipper, Mr. NATHANIEL T., Milton, Mass. 

Kine, Mr. Cuas. A. 

Lee, Mrs. Freperic S., 279 Madison Ave., New York City, N. Y. 

Lowett, Mr. A. Lawrence, 17 Quincy St., Cambridge, Mass. 

McMuraicu, Pror. J. P., University of Toronto, Toronto, Canada. 

Means, Dr. JAMeEs Howarp, 15 Chestnut St., Boston, Mass. 

Merriman, Mrs. Dantet, 73 Bay State Road, Boston, Mass. 

Minns, Miss Susan, 14 Louisburg Square, Boston, Mass. 

Morcan, Mr. J. Prerpont, Jr., Wall and Broad Sts., New York City, 
N. Y. 

Morcan, Pror. T. H., Director of Biological Laboratory, California 
Institute of Technology, Pasadena, Calif. 

Morcan, Mrs. T. H., Pasadena, Calif. 

Noyes, Miss Eva J. 

Osporn, Pror. Henry F., American Museum of Natural History, New 
York, N. Y. 

Puituips, Mrs. Joun C., Windy Knob, Wenham, Mass. 

Porter, Dr. H. C., University of Pennsylvania, Philadelphia, Pa. 

Sears, Dr. Henry F., 86 Beacon St., Boston, Mass. 

SHEppD, Mr. E. A. 

THORNDIKE, Dr. Epwarp L., Teachers College, Columbia University, 
New York City, N. Y. 

TRELEASE, Pror. WILLIAM, University of Illinois, Urbana, IIl. 

Ware, Miss Mary L., 41 Brimmer St., Boston, Mass. 

Wituiams, Mrs. Anna P., 505 Beacon St., Boston, Mass. 

Witson, Dr. E. B., Columbia University, New York City, N. Y. 
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2. ReGcuLAR Memsers, 1931 

Apams, Dr. A. ExizasetH, Mount Holyoke College, South Hadley, 
Mass. 

Appison, Dr. W. H. F., University of Pennsylvania Medical School, 
Philadelphia, Pa. 

ApotpH, Dr. Epwarp F., University of Rochester, School of Medicine 
and Dentistry, Rochester, N. Y. 

ALLEE, Dr. W. C., University of Chicago, Chicago, III. 

ALLEN, Pror. Cuar.es E., University of Wisconsin, Madison, Wis. 

ALLEN, Pror. Ezra, New York Homeopathic Medical College, New 
York City, N. Y. 

Attyn, Dr. Harriet M., Mount Holyoke College, South Hadley, Mass. 

AMBERSON, Dr. W1LL1AM R., University of Tennessee, Memphis, Tenn. 

Anperson, Dr. E. G., California Institute of Technology, Pasadena, 


Calif. 


Austin, Dr. Mary L., Wellesley College, Wellesley, Mass. 

BalTseLL, Dr. Georce A., Yale University, New Haven, Conn. 

Baker, Dr. E. H., 5312 Hyde Park Boulevard, Hyde Park Station, 
Chicago, Ill. 

BALDWIN, Dr. F. M., University of Southern California, Los Angeles, 
Calif. 

Barp, Pror. Puitip, Harvard University Medical School, Boston, 


Mass. 

BeckwitTH, Dr. Cora J., Vassar College, Poughkeepsie, N. Y. 

Beure, Dr. Evinor H., Louisiana State University, Baton Rouge, La. 

Bennitt, Dr. Rupotr, University of Missouri, Columbia, Mo. 

BiceLtow, Dr. H. B., Museum of Comparative Zoology, Cambridge, 
Mass. 

BicELow, Pror. R. P., Massachusetts Institute of Technology, Cam- 
bridge, Mass. 

BinForpD, Pror. Raymonp, Guilford College, Guilford College, N. C. 

BissoNNETTE, Dr. T. H., Trinity College, Hartford, Conn. 

BLANCHARD, Pror. KENNETH C., New York University, Washington 
Square College, New York City, N. Y. 

Boprne, Dr. J. H., University of lowa, lowa City, Ia. 

Bortnc, Dr. Atice M., Yenching University, Peking, China. 

BowLinc, Miss RacHet, Columbia University, New York City, N. Y. 

Box, Miss Cora M., University of Cincinnati, Cincinnati, O. 

BrabDLey, Pror. Harotp C., University of Wisconsin, Madison, Wis. 

BraliLey, Miss Miriam E., 800 Broadway, Baltimore, Md. 

Bripces, Dr. Catvin B., California Institute of Technology, Pasadena, 
Calif. 
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Bronk, Dr. D. W., University of Pennsylvania, Philadelphia, Pa. 

Brooks, Dr. S. C., University of California, Berkeley, Calif. 

BuckincHaMm, Miss Epiru N., Sudbury, Mass. 

BupincTon, Pror. R. A., Oberlin College, Oberlin, O. 

Butuincton, Dr. W. E., Randolph-Macon College, Ashland, Va. 

Bumpus, Pror. H. C., 76 Carlton Road, Waban, Mass. 

Byrnes, Dr. EstHer F., 1803 North Camac Street, Philadelphia, Pa. 

CaLkins, Pror. Gary N., Columbia University, New York City, N. Y. 

Catvert, Pror. Puiiip P., University of Pennsylvania, Philadelphia, 
Pa. 

CANNAN, Pror. R. K., University and Bellevue Hospital Medical Col- 
lege, New York City, N. Y. 

Carson, Pror. A. J., University of Chicago, Chicago, Il. 

CaroTuers, Dr. E. ELEANor, University of Pennsylvania, Philadelphia, 
Pa. 

CarRo.LL, Pror. Mircuet, Franklin and Marshall College, Lancaster, 
Pa. 

Carver, Pror. Gait L., Mercer University, Macon, Ga. 

CatTeLt, Dr. McKeen, Cornell University Medical College, New York 
City, N. Y. 

CaTTELL, Pror. J. McKeen, Garrison-on-Hudson, N. Y. 

CaTTELL, Mr. Ware, Garrison-on-Hudson, N. Y. 

CHAMBERS, Dr. Ropert, Washington Square College, New York Uni- 
versity, Washington Square, New York City, N. Y. 

CHARLTON, Dr. Harry H., University of Missouri, Columbia, Mo. 

Cuatton, Dr. Epovarp, University of Strasbourg, Strasbourg, France. 

CuipesterR, Pror. F. E., West Virginia University, Morgantown, 
W. Va. 

Culp, Pror. C. M., University of Chicago, Chicago, II. 

Crapp, Pror. CorNELIA M., Montague, Mass. 

Crark, Pror. E. R., University of Pennsylvania, Philadelphia, Pa. 

CLELAND, Pror. Ratpu E., Goucher College, Baltimore, Md. 

Crowes, Pror. G. H. A., Eli Lilly & Co., Indianapolis, Ind. 

Cor, Pror. W. R., Yale University, New Haven, Conn. 

Coun, Dr. Epwin J., 183 Brattle Street, Cambridge, Mass. 

Cote, Dr. Evsert C., Williams College, Williamstown, Mass. 

Coxe, Dr. Leon J., College of Agriculture, Madison, Wis. 

CoL.ett, Dr. Mary E., Western Reserve University, Cleveland, O. 

Cottey, Mrs. Mary W., 36 Argyle Place, Rockville Centre, Long Is- 
land, N. Y. 

Cotton, Pror. H. S., Box 127, Flagstaff, Ariz. 

Conno_ty, Dr. C. J., Catholic University, Washington, D. C. 
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CopELAND, Pror. Manton, Bowdoin College, Brunswick, Me. 

Cowpry, Dr. E. V., Washington University, St. Louis, Mo. 

Crampton, Pror. H. E., Barnard College, Columbia University, New 
York City, N. Y. 

Crane, Mrs. C. R., Woods Hole, Mass. 

Curtis, Dr. Maynie R., Crocker Laboratory, Columbia University, 
New York City, N. Y. 

Curtis, Pror. W. C., University of Missouri, Columbia, Mo. 

Davis, Dr. Atice R., Castle Point, Hoboken, N. J. 

Davis, Dr. DonaLtp W., College of William and Mary, Williamsburg, 
Va. 

Dawson, Dr. A. B., Harvard University, Cambridge, Mass. 

Dawson, Dr. J. A., College of the City of New York, New York 
City, N. Y. 

Deperer, Dr. PAULINE H., Connecticut College, New London, Conn. 

Deuincer, Dr. S. C., University of Arkansas, Fayetteville, Ark. 

Dopps, Pror. G. S., Medical School, University of West Virginia, Mor- 
gantown, W. Va. 

Do.tey, Pror. WittiAM L., University of Buffalo, Buffalo, N. Y. 

Donavpson, Pror. H. H., Wistar Institute of Anatomy and Biology, 
Philadelphia, Pa. 

Donatpson, Dr. Joun C., University of Pittsburgh, School of Medi- 
cine, Pittsburgh, Pa. 

Drew, Pror. GILMAN A., Eagle Lake, Fla. 

DuBois, Dr. Eucene F., Cornell University Medical College, New 
York City, N. Y. 

Duacar, Dr. BENJAMIN M., University of Wisconsin, Madison, Wis. 

Duneay, Dr. Nett S., Carleton College, Northfield, Minn. 

Dunn, Dr. L. C., Columbia University, New York City, N. Y. 

Epwarps, Dr. D. J., Cornell University Medical College, New York 
City, N. Y. 

Extis, Dr. F. W., Monson, Mass. 

Farnum, Dr. Lovise W., Hsiang-Ya Hospital, Changsha, Hunan, 
China. 

FaurE-Fremiet, Pror. EMMANUEL, Collége de France, Paris, France. 

FENN, Dr. W. O., Rochester University, School of Medicine, Rochester, 
N. Y. 

Fietp, Miss Hazet E., Occidental College, Los Angeles, Calif. 
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THE REACTION OF THE ERYTHROCYTES OF VERTE- 
BRATES, ESPECIALLY FISHES, TO VITAL DYES 


ALDEN B. DAWSON 


(From the Zodlogical Laboratories, Harvard University, and the Marine 
Biological Laboratory, Woods Hole, Massachusetts) 

In the erythrocytes of most vertebrates, but especially of fishes and 
amphibians, discrete granules are characteristically present. In the 
urodele, Necturus, bipolar clusters of such granules are regularly found 
in mature red blood cells. They are visible in fresh preparations, 
demonstrable as basophilic bodies with Wright or Giemsa staining, are 
blackened with osmic acid and silver salts, and are stained with iron 
hzmatoxylin after Helly fixation. Accordingly, there is no doubt that 
they are preéxistent structures and are not induced in supravital prep- 
arations by the action of the dyes. 

However, secondary granules may also appear in such cells; the 
concentration of the dye, age of the preparation, brilliancy of illumina- 
tion, and increase in temperature being effective as formative factors, 
influencing the rate and manner of their appearance (Dawson, 1928, 
1929, 1930). Moreover, with higher concentrations of dye, the red 
cells may also exhibit elaborate patterns of reticulation. The genetic 
relation of both types of granules, preéxisting and induced, to the reticu- 
lated substance is an unsettled question. Morphologically there is no 
distinction between the two types and both are frequently enclosed in 
the reticular filaments. The reticulation pattern is apparently derived, 
through a reaction with the vital dye, from the basophilic substance 
which occurs diffusely in erythrocytes, and secondary granules are re- 
garded by some as the same substance in a different form. 

The literature on this subject is voluminous and many different views 
are advanced regarding the significance of the protoplasmic constituents 
reacting with vital dyes. First of all, the ability to react with a given 
vital dye may not be a specific characteristic of a single substance within 
the cytoplasm. Again, in many instances, the materials reacting with 
vital dyes are not always readily demonstrated by other technical meth- 
ods. Necturus erythrocytes appear to be exceptionally favorable in this 
respect. Moreover, the amount of material reacting with vital dyes 
appears to decrease gradually as the erythrocytes differentiate, but the 
acquisition of hemoglobin in a given species proceeds only up to a cer- 
tain stage at which the cell is said to be mature. Since the erythrocytes 
in different vertebrates do not attain at maturity the same relative degree 
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of differentiation, the picture in supravital preparations is subject to 
great variation; the individual changes which occur in the maturation 
of the red blood cells may apparently proceed at different rates and to 
different degrees in different species. Accordingly, the relative con- 
centration of hemoglobin within the erythrocytes of different species 
appears to be to some extent independent of the amount and distribution 
of material reacting with vital dyes. These are only some of the factors 
which complicate the picture and make generalizations almost impossible. 
Coupled with these there is also the lack of complete information about 
the stages of maturation of these cells in many species. In other cases, 
too, findings by one method have not been adequately checked and con- 
firmed by other technics. 

Various theories of the origin and nature of the vitally-stained bodies 
have been advanced. Several earlier workers suggested a nuclear or 
nucleolar origin (Giglio-Tos, 1896; Jolly, 1903; Sabrazés et Muratet, 
1908), while others have apparently confused them with centrosomes 
(von Apathy, 1897; Bremer, 1895; Dehler, 1895; Eisen, 1897-1899; 
Golgi, 1920) when demonstrated by non-vital staining methods such as 
silver nitrate impregnation or staining with iron hematoxylin. They 
were also identified as intracellular parasites, but this view was soon 
dropped (Sabrazés et Muratet, 1900). 

At present the vital granules are generally regarded as of cytoplasmic 
origin. Giglio-Tos (1896) suggested that they represented hemoglobin- 
forming substances and Yoffey (1929) is inclined to favor this view. 
Several modern investigators (Ferrari, 1930; Villa, 1930; Knoll, 1931) 
have advanced evidence in favor of an intranuclear origin of hemoglobin, 
and this interpretation accordingly would support the old hypothesis of 
Giglio-Tos that vital granules arise as nuclear emissions and are con- 
cerned in the elaboration of hemoglobin. On the basis of the reaction 
of these bodies with silver salts and osmic acid, they have been regarded 
as possibly homologous with the Golgi apparatus—dictyosomes (Bhat- 
tacharya and Brambell, 1925; Dawson, 1928, 1930; Dornesco and Steo- 
poe, 1930a, 1930b; Urtubey, 1927). Nittis (1930) described a surface 
granule which in his opinion might be interpreted as the point of separa- 
tion of two daughter cells or as a part of a trophospongial system. Nit- 
tis’ view seems untenable, as the single granule is intracellular and may 
frequently exhibit Brownian motion (Dawson, 1931). Many tend to 
class all vital granules as artifacts (Chlopin, 1927 ; Weidenreich, 1903), 
failing to distinguish sharply between preéxistent and induced bodies 
(Beams, 1930). 


The number and distribution of vital granules in the erythrocytes of 
vertebrates vary during the differentiation of the cell. Usually they are 
4 
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not present in very young cells and are reduced or even disappear in old 
cells. In the intermediate stages they are frequently numerous and con- 
spicuous. In the mature cells of different vertebrates in which they still 
persist, vital granules frequently occur in rather definite numbers and 
have a characteristic position within the cell. The more common types 
of distribution are single unipolar ; multiple, clustered unipolar ; multiple, 
clustered bipolar; multiple perinuclear; and multiple scattered or dif- 
fuse (Dawson and Charipper, 1929; Dawson, 1930, 1931). 

The number and distribution of vital granules in the erythrocytes of 
cyclostomes and fishes vary considerably. They were apparently recog- 
nized as early as 1896 by Giglio-Tos, who observed them in the blood 
cells of the lamprey and called attention to the striking Brownian move- 
ments they exhibited. A few years later Sabrazés and Muratet (1900) 
described “corpuscles mobiles” within the erythrocytes of Hippo- 
campus. They were irregularly distributed, with usually five to ten 
granules within a cell. 


In the same year these investigators extended their observations to 
several more fishes. In Torpedo oculata the granules were numerous 
and distributed diffusely around the nucleus. The cells usually con- 
tained as many as forty granules although some had as few as three, 
four, and five. All granules exhibited Brownian movement. They 


were unequal in size; some were coupled and some elongated or coim- 
pressed. In Raia pastinaca the bodies were frequently oval and rela- 
tively large but were not so numerous as in Torpedo. The blood cells 
of Syngnathus typhle apparently did not contain any granules. In 
Petromizon marinus and Alosa finta the granules were present but not 
numerous. In adult Anguilla vulgaris they were absent. In 1902, 
however, Sabrazés and Muratet found opportunity to examine the 
blood of some young eels, 6 to 7 cm. long. In these, vital granules with 
limited Brownian movement were present in about twenty per cent of 
the erythrocytes. They varied greatly in size, with usually one to three 
present in any one cell. In Torpedo marmorata (Sabrazés et Muratet, 
1908) the number and distribution of vital granules is very similar to 
Torpedo oculata. 

Jokl (1925) made an intensive study of the erythrocytes of Raia 
clavata and Raia batis and found in the main that the red blood cells 
were very like those of Torpedo in the number, size, and distribution of 
the vital granules. Further observations on the elasmobranchs were 
made by Lewis and Lewis (1926), who described numerous diffusely 
scattered perinuclear bodies in the dogfish and skate (Raia erinacea). 
These workers also described one to three neutral red granules in the 
erythrocytes of the sculpin, but illustrated the erythrocytes of the hake 
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and cunner as lacking any granular inclusions. Stolz (1928) found 
that the erythrocytes of Cyprinus carpio contained numerous granules 
diffusely distributed about the nucleus. Yoffey (1929) confirmed the 
observations of Jokl (1925) on the red blood cells of Raia clavata and 
Raia batis, and noted numerous fine basophilic granules in the mature 
cells of Trigla gurnardus. Dornesco and Steopoe (1930a) found that 
the erythrocytes of the dogfish are typical of the elasmobranchs in pos- 
sessing numerous, scattered, actively motile granules. They (1930b) 
also investigated the blood of several marine teleosts, Syngnathus acus, 
Blennius pholis, Solea vulgaris, Pleuronectes platessa, Gobius paganellus, 
Cottus bubalis, Labrus melops, Onos mustella and Nerophis lumbrici- 
formis. In all of these they found that the erythrocytes contained uni- 
formly one granule, usually located eccentrically near one pole of the 
nucleus. The conditions in the erythrocytes of Ameiurus nebulosus are 
the same as in the marine teleosts (Dawson, 1931). 

In the erythrocytes of the fishes studied the distribution of vital 
granules is not so variable as in the Amphibia, being limited chiefly to 
two types, single unipolar and multiple perinuclear, restricted or diffuse. 
The characteristic unipolar and bipolar clusters appearing in the red 
blood cells of many urodeles are not found. It has seemed advisable to 
extend the observations on the blood of fishes, with a view to obtaining 
more information regarding the relationships between the preéxistent 


and induced granules and the reticular substance as revealed by vital 
dyes. 


MATERIAL AND METHODS 


During the summer of 1931 the blood of seventeen different species 
of fish, taken in the vicinity of Woods Hole, was examined. Supravital 
staining was carried out by the dry dye-film method, using neutral red 
alone, neutral red in combination with Janus green, and brilliant cresyl 
blue. The concentration of neutral red, 1: 1250, previously used on 
amphibian blood proved satisfactory in the case of fishes, but more 
Janus green had-to be added to obtain a clear view of the chondriosomes. 
Films of brilliant cresyl blue were made with a saturated solution in 
absolute alcohol. Permanent preparations of supravitally stained blood 
were made by the method of Scott (1928). Smears stained by Wright’s 
method were also prepared. In all cases the blood was freshly drawn 
from the heart of living fish. 

It is essential that neutral red alone be used to check neutral red- 
Janus green B preparations, since the toxicity of Janus green may cause 
injuries which result in more rapid induction of bodies stainable with 
neutral red. On the other hand, Janus green B cannot safely be used 
alone, since bodies regularly stained with neutral red may take up Janus 
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green and confuse the chondriosome picture. However, when the dyes 
are used in combination, the neutral red displays a greater affinity for 
the bodies which are regularly stained by it and the Janus green reaction 
is accordingly confined entirely to the chondriosomes. The brilliant 
cresyl blue was applied at such high concentrations that the nuclei were 
stained and the reticular patterns produced almost immediately, and 


there did not appear to be any progressive induction of formed bodies 
(granules) while the preparations were being studied for reticulation 
patterns. 

DESCRIPTION 


Before proceeding to the description of the reactions of the erythro- 
cytes of the different fishes to vital dyes, certain general features of 
these reactions will be discussed. In most fishes there are sufficient 
immature red cells, in varying stages of differentiation, that the pictures 
presented after supravital staining lack uniformity. This makes the 
problem of interpretation more difficult, since the differences in hemo- 
globin concentration in some cases are scarcely perceptible. Differences 
in the degree of maturity of such cells are most strikingly demonstrated 
with brilliant cresyl blue and the reticulation patterns furnish an excel- 
lent index of cell age. The presence of young red cells in the blood is 
readily confirmed in smears differentially stained by Wright’s method, 
where varying degrees of basophilia and polychromasia are clearly dem- 
onstrated. 

As the erythrocytes mature the amount of material reacting with 
brilliant cresyl blue gradually decreases and the patterns of reticulation 
also undergo changes in form and distribution. In very young cells 
the entire cytoplasm is filled with fine, densely massed granules with 
little evidence of real reticulation. In succeeding stages of differentia- 
tion the pattern assumes a true reticular form. At first the meshes are 
small and distributed throughout the whole cell. Later the meshes are 
more open and the reticulation does not extend completely to the pe- 
riphery of the cell, assuming the form of a perinuclear wreath. As the 
cells grow older, the meshes are still wider and the filaments eventually 
are partially interrupted, forming an open, fragmented wreath. As the 
reticular substance is further reduced, the filaments of the net are more 
frequently interrupted and the wreath-like form as well as the reticular 
appearance is lost. The more or less separated filaments then appear 
radially arranged about the nucleus, with very fine fragments inter- 
spersed between them. With the further disappearance of reticular 
substance the pattern is reduced to scattered, irregular, short filaments 
and fine, dust-like granules. In final stages the filamentous form may 
practically disappear, leaving a variable number of fine granules. 
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It is difficult to determine whether the reticular substance, which is 
demonstrated with concentrations of the vital dye sufficiently high to 
stain the nuclei immediately, is of the same constitution as the relatively 
large granules which may be induced in similar blood cells by a pro- 
longed exposure to the same dye in a lesser concentration, which will not 
stain the nucleus or produce reticulation. At present, it seems impos- 
sible to decide this question. On the other hand, it is frequently pos- 
sible to distinguish clearly between preéxistent vital granules and the 
induction patterns, since in many cases the former may be seen in fresh 
untreated cells or may be demonstrated in fixed cells by a variety of 
reliable technical methods. 

With high concentrations of brilliant cresyl blue, nuclei, nucleoli 
(when present), preéxistent and induced granules, and reticular sub- 
stance are all stained. The nuclei are pale blue, nucleoli deep blue, all 
granules deep blue-purple and the reticular substance a red-violet. The 
nucleoli, varying in number from one to three, are large and conspicuous 
in the erythroblasts but become progressively smaller as the cells mature. 
They may be distinguished as minute bodies in cells of the “ wreath” 
stage but seldom persist in more mature forms. The difference in the 
color reaction of the granules and the reticular substance may or may 
not be significant. The granules are sharply limited, dense, and highly 
refractile, while the reticular substance has an irregular appearance as 
if formed by the aggregation of very fine particles. The difference in 
physical state accordingly may explain the different shades presented by 
the two types of bodies. 

The form and distribution of chondriosomes within the erythrocytes 
of the fishes vary in the different stages of maturity, but are nevertheless 
quite characteristic for the type of cell. In the younger stages they are 
quite numerous, granular, and diffusely scattered throughout the cyto- 
plasm. In later stages the number is greatly reduced and they are more 
closely aggregated about the nucleus. Their form, too, may be changed, 
many appearing as long, tortuous bodies. In fully mature cells the 
chondriosomes are usually entirely of the filamentous type, although 
occasional granular forms are seen. Some of these are not true gran- 
ules but represent filaments oriented lengthwise between the two flat- 
tened surfaces of the erythrocyte and may be observed to shift in posi- 
tion as the cell is modified by the injurious effects of the Janus green. 

It is difficult to obtain sharp images of chondriosomes in the fresh 
cell, and relatively high concentrations of dye must be used. As the 
staining progresses the chondriosomes are first seen as hazy blue-green 
bodies, and at this time the nuclear outline is also indistinct. Shortly 
both the nuclear membrane and chondriosomes are distinctly seen and 
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the cytoplasm of the cell appears clearer. While these changes are tak- 
ing place striking movements of the mitochondria may be observed. 


Filaments which were closely applied to the nucleus may frequently 
swing out to lie at right angles to the nuclear surface or may move 
completely away, and others which were seen on end may assume a posi- 
tion parallel with the flattened surface of the cell. 

For purposes of description the fishes studied at Woods Hole will 
be divided into two major groups, based on the distribution of the pri- 
mary or preéxistent granules as demonstrated by low concentrations of 
neutral red. In the first group the vitally stained granules are usually 
single, with occasionally one or more accessory bodies, and are located 
eccentrically near one pole of the nucleus. In the second group the 
granules are numerous and may either have a definite perinuclear ar- 
rangement or be scattered more or less diffusely throughout the cyto- 
plasm. The reaction of the primary granules to Wright’s stain might 
also be used as a basis of classification, since in some fishes the granules 
uniformly give a basophilic reaction ; in others this reaction is limited to 
a varying number of cells; while in still others the granules always re- 
main unstained. The three second groups would form natural sub- 
divisions of the major Group I, which is based primarily on the distribu- 
tion of granules, but in Group II this would not hold true since in no 
instances do the perinuclear or diffusely arranged granules react uni- 
formly with Wright’s stain. 


Group I 


Toadfish, Opsanus tau (Linnzeus). With neutral red the primary 
granules ordinarily appear as single, unipolar bodies, although one or 
more accessory granules are often encountered (Fig. 1, b andc). The 
accessory granules are usually small, but in some cases all the granules 
are of equal size, resembling the variations described for Ameiurus 
(Dawson, 1931). After long exposure to neutral red the granules are 
increased in number and tend to form clusters about the primary bodies. 
Later, other secondary granules appear irregularly throughout the cell. 

The mitochondria are relatively few, varying in number from three 
to six. They usually appear as wavy filaments but are frequently di- 
lated to encapsulate a large spherical refractile body. These bodies are 
readily seen after the Janus green has been reduced. They do not take 
up neutral red and their significance is not known. 

Very little reticular substance is demonstrated by brilliant cresyl 
blue. The filaments are short and are usually radially arranged about 
the nucleus. Some end in contact with the cell membrane. Primary 
granules and a variable number of secondary granules are stained with 
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this dye. In the cells with the least reticulation practically no induction 
of granules has taken place (Fig. 1,d). The cells with the most reticu- 
lation contain many more granules (Fig. 1, a). All the cells appear 
relatively mature. An occasional cell in the “wreath” stage with a 
clear border was encountered, but there were no younger stages. 

In smears stained by Wright’s method the primary granules appear 
as distinct basophilic bodies. No basophilic erythrocytes are present 
and only a few cells exhibit polychromasia. 

Tautog, Tautoga onitis (Linneus). The neutral red patterns are 
quite similar to those of the toadfish (Fig. 4, a and b). A number of 
erythrocytes possess granular mitochondria, but in the majority of the 
cells they are filamentous. The reticular substance is scanty in most 
cells (Fig. 4, d), but a few “wreath” stages were seen (Fig. 4, c). 
Occasional small cells (erythroblasts) with a dense reticulation and a 
conspicuous nucleolus are present. 

With Wright’s stain the primary granules are stained blue and a 
few erythrocytes show basophilia and polychromasia. The number of 
immature red cells is, however, very small. 

Cunner, Tautogolabrus adspersus (Walbaum). The erythrocytes 
of this fish very closely resemble in their staining reactions those of 
the two preceding forms (Fig. 6,a and b). Fewer immature cells were 
noted than in the tautog, and in general the reticulation patterns are 
very meager (Fig. 6, c and d). The primary granules also appear as 
basophilic bodies with Wright’s stain. 

Sea Bass, Centropristes striatus (Linneus). The primary neutral 
red bodies are the same as in the erythrocytes of the preceding fishes 
(Fig. 3, a). Induction of secondary granules occurs rather freely 
(Fig. 3, b), but even when the secondary staining effect has appeared 
there are a number of apparently mature cells which do not show any 
reaction to the dye. The mitochondria are relatively few, the fila- 
mentous form predominating. 

With brilliant cresyl blue many cells fail to show any reticular pat- 
terns but contain only granules such as are seen after moderate induc- 
tion with neutral red. Other cells contain a variable number of reticular 
filaments (Fig. 3, c), but the “ wreath” stage was observed in only a 
few cells (Fig. 3, d). Occasional young cells with a fine, dense reticu- 
lum and conspicuous nucleoli were encountered. 

In the sea bass virtually all the erythrocytes stain orthochromatically 
with the eosin in Wright’s stain. Polychromasia is rarely seen and 
occasional round basophilic erythroblasts are present. The primary 
granules demonstrated so readily with neutral red are not usually stained 
in the smears. Some of the larger granules appear as distinct baso- 
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philic bodies, other smaller granules are barely distinguishable, and 
many cells appear not to have any granular inclusions. 

Sea Robin, Prionotus carolinus (Linneus). The erythrocytes of 
the sea robin in their staining reactions are very like those of the sea 
bass (Fig. 2). The mitochondria, however, usually appear as short 
rods and granules rather than filaments. The reticular patterns are 
very sparse, being represented by scattered particles radially aligned 
about the nucleus (Fig. 2,d). All the cells appear to be mature. This 
conclusion is supported by the staining reactions of the erythrocytes 
with Wright's stain. No granular inclusions could be distinguished in 
the stained smears. 

Scup, Stenotomus chrysops (Linneus). The neutral red patterns 
and mitochondria present no unusual features (Fig. 7, a and c). The 
reticular patterns are quite variable, although in the majority of cells 
the filaments are reduced to a minimum (Fig. 7, b). Young cells with 
a dense reticulum and conspicuous nucleoli are frequently seen and 
stages with fragmented open-meshed “ wreaths” are quite numerous 
(Fig. 7, d). The presence of such immature cells is confirmed by an 
examination of stained smears, but the preexistent or primary granules 
were not demonstrable as basophilic bodies. 

Butterfish, Poronotus triacanthus (Peck). The primary granule is 
characteristically present in neutral red preparations (Fig. 8, >) and in- 
duction of new granules proceeds very slowly. The chondriosomes are 
usually granular. No long filamentous forms were observed. The 
reticular patterns and numbers of immature cells are about the same as 
in the scup (Fig. 8, a, c, and d). 

Variegated minnow, Cyprinodon variegatus Lacépéde. The pri- 
mary neutral red bodies usually appear as single or double bodies and 
induction of secondary bodies occurs slowly. The mitochondria are 
predominantly of the granular type and are relatively numerous (Fig. 
11,a and b). Inthe majority of the cells the reticular material is very 
scanty (Fig. 11, c and d), but in a few cells complete perinuclear 
“ wreaths ” of reticular material were seen. Occasional younger cells, 
possessing large nucleoli and dense reticulations, were also noted. The 
primary neutral red bodies of mature cells did not give a basophilic re- 
action with Wright’s stain, but in many polychromatic cells they could 
be distinctly seen as basophilic granules. 

Mummichogs, Fundulus heteroclitus (Linneus) and F. majalis 
(Walbaum). The behavior of the erythrocytes is essentially alike in 


these two species. The primary neutral red bodies are characteristically 
present (Fig. 12, b and c). The reticular substance in general is 
scanty, appearing as radially arranged filaments (Fig. 12, d). A few 
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cells in the “ wreath” stage and an occasional young cell with a large 
nucleolus were seen. The primary granules were not demonstrated by 
Wright’s method. 

Common eel, Anguilla rostrata (Le Sueur). The neutral red bodies 
are very minute, almost at the limit of visibility (Fig. 5, a and d). 
However, they gradually increase in size on exposure to the dye and 
secondary granules slowly appear (Fig. 5, b). The mitochondria are 
few in number and chiefly of the long, sinuous type. Brilliant cresyl 
blue reveals the presence of large numbers of immature erythrocytes, 
the reticular substance varying in distribution from complete “ wreaths ” 
to scattered isolated filaments and granules (Fig. 5, c). In stained 
smears many erythrocytes show varying degrees of cytoplasmic baso- 
philia. The primary granules frequently appear as basophilic bodies 
in cells which stain orthochromatically in eosin or show a slight poly- 
chromasia. However, they were not distinguishable in more basophilic 
cells. 

Sand dab, Hippoglossoides platessoides (Fabricius). The primary 
vital granules are readily demonstrated as single or double granules 
(Fig. 9, a). With longer exposure to the dye secondary granules, 
usually grouped in clusters, quickly appear (Fig. 9, c and d). Chondri- 
osomes of both filamentous and granular types are present. Practically 
all the cells are mature, showing a very sparse reticulation (Fig. 9, b). 
An occasional cell with an incomplete open-meshed “ wreath ” was seen. 
A few basophilic erythrocytes were demonstrated with Wright’s stain. 
The primary granules were frequently seen as basophilic bodies in eryth- 
rocytes which exhibit a slight polychromasia but could not be distin- 
guished in mature cells. 


Group II 


In the erythrocytes of the fishes of this group the primary granules 
are not limited to a single or double unipolar body but are relatively 
numerous and have a perinuclear distribution. 

Menhaden, Brevoortia tyrannus (Latrobe). In the menhaden the 
granules are very small, frequently barely visible at a magnification of 
nine hundred diameters. The granules are either arranged in a single 
definite line about the nucleus or scattered somewhat irregularly 
throughout the cytoplasm (Fig. 10, a and b). The irregular distribu- 
tion of granules appears to be characteristic of the oldest cells. On 
longer staining with neutral red they increase in both size and number. 
Mitochondria of both the filamentous and granular types are present 
in restricted numbers. 

All stages of maturating erythrocytes were encountered, but the 
majority of the cells were fully differentiated. The reticular patterns 
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vary all the way from a dense compact granular mass filling the entire 
cell to the mature condition in which only fine particles and scattered, 
short filaments are present (Fig. 10,c andd). In stained smears eryth- 
rocytes in the different stages of differentiation are clearly shown and 
the numerous perinuclear primary granules are seen distinctly as baso- 
philic bodies in both polychromatic and mature cells. 

Alewife, Pomolobus pseudoharengus (Wilson). The erythrocytes 
of the alewife are essentially like those of the menhaden in all their 
reactions to the dyes, but more immature cells are present (Fig. 14). 
Many of the younger ceils contain large, clear, refractile globules which 
appeared as vacuoles in stained smears. 

Mackerel, Scomber scombrus Linneus. The erythrocytes of the 
mackerel differ only slightly from those of the menhaden and alewife 
(Fig. 13). The primary neutral red patterns are alike. Mitochondria 
of the filamentous type predominate. More immature cells are present 
than in the alewife and the reticulation patterns are accordingly very 
variable. The red cells react rapidly with neutral red and many sec- 
ondary granules may develop. The primary neutral red granules are 
demonstrated as basophilic bodies by Wright’s stain, but much more 
care must be taken in the differentiation of the stain. 

Smooth dogfish, Mustelus canis (Mitchill) and spotted skate, Raja 
diaphanes Mitchill. The vital staining reactions of the erythrocytes of 
both these forms have been described by several investigators. The 
granules appearing after exposure to neutral red are very large and 
numerous (Figs. 15 and 17). The mitochondria are usually long and 
filamentous. Induction of new granules occurs rapidly. There is a 
relatively high proportion of immature red cells, and the reticulation 
patterns are very variable. In old cells the reticular substance is greatly 
reduced, appearing as scattered particles and short filaments. 

With brilliant cresyl blue both vital granules and reticulation pat- 
terns are demonstrated as in the teleosts, but on long standing the dye 
in the granules disappears while the reticular substance remains bril- 


liantly stained. The reduction of the dye in the granules appears to 


be characteristic only of the elasmobranchs and has been previously 
reported by Jokl (1925). Although the granules are large and readily 
seen in fresh unstained preparations, they cannot be demonstrated in 
smears stained by Wright’s method and do not give a basophilic reaction. 


THE RELATIVE DEGREE OF DIFFERENTIATION OF THE MATURE 
ERYTHROCYTES OF VERTEBRATES 


In the running description of the findings in the erythrocytes of the 
different species of fish, the staining reactions described related particu- 
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larly to the predominating cells, presumably the mature ones. During 
the course of the study it became increasingly obvious that no granules, 
either preéxistent or induced, were present in young cells exhibiting a 
complete, dense reticulation pattern. In somewhat older stages the 
primary granules were readily demonstrated, but induction of new gran- 
ules either did not occur or proceeded very slowly. This secondary 
reaction varied greatly in different species, but the general trend was 
the same in all. In more mature stages induction usually occurred 
more readily, but in some old, perhaps senile, cells, which gave practi- 
cally no reticulation reaction with brilliant cresyl blue, the secondary 
response to vital dyes again decreased. 

The terms “ primary ”’ or “ preéxistent,’ and “ secondary” or “ in- 
duced” are used here without reservation to designate the granules 
which are under discussion, since the cumulative evidence gathered from 
studies on fishes and amphibians indicates that such a distinction is 
valid. The granules which stain so readily with neutral red are fre- 
quently seen as refractile bodies in fresh preparations, and in dry-fixed 
smears are frequently demonstrated as basophilic inclusions. In most 
cases the characteristic form and location of these elements make their 
identification easy when they are rendered visible by other than supra- 
vital methods. Dornesco and Steopoe (1930a, 1930b) have also suc- 
cessfully blackened these primary bodies with silver nitrate methods 
(Da Fano and Cajal) in both teleosts and elasmobranchs. Their dem- 
onstration by a silver method in the elasmobranch erythrocyte is signifi- 
cant, since in these cells the granules fail to give a basophilic reaction 
in carefully stained smears. 

The reality of the secondary granules cannot be disputed since they 
can be observed as they arise within the cells. Accordingly we have to 
deal with three distinct morphological entities, at least as they are 
demonstrated by supravital methods. The question of their chemical 
constitution and relationships is a baffling one and apparently little 
further progress can be made in this regard until better methods of 
study are devised. 

Nevertheless, the characteristic reactions to vital dyes may be legiti- 
mately used as evidences of the progressive changes which occur within 
the differentiating erythrocyte, and such reactions therefore constitute 
useful criteria for determining the degree of differentiation reached by 
the mature erythrocytes of a given species. The criteria of maturity 
in one species are not necessarily valid in every detail for erythrocytes 
of another species, since the pictures obtained by vital dyes may vary 
in different groups of animals. Maturity of erythrocytes in general 
can best be defined as the stage at which the cell acquires its maximum 
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concentration of hemoglobin, and in normal animals cells of this type 
should predominate in the circulation. The degree of concentration of 
hemoglobin in mature cells in a given species is relatively constant and 


is closely correlated with the acquisition of characteristic staining reac- 
tions, but similarity of staining patterns in different species does not by 
any means indicate that the different erythrocytes have acquired the same 
concentration of hemoglobin. In other words, the erythrocytes of the 
different vertebrates are mature at varying levels of differentiation, the 
latter being measured by such staining reactions as are usually regarded 
as evidences of immaturity in the most highly differentiated red cells. 

During the differentiation of the vertebrate erythroblast a striking 
series of changes occurs. Some are readily demonstrated in fixed prep- 
arations while others are adequately revealed only by supravital staining. 
Most of these changes are common to the erythrocytes of all vertebrates, 
but in the mammals an extreme degree of specialization is encountered. 
During differentiation the nuclear-cytoplasmic ratio changes greatly, the 
nucleoli undergo a gradual involution and may disappear, the distribu- 
tion of chromatin in the nucleus is modified, and the basophilia of the 
cytoplasm is gradually lost and replaced by the eosinophilia of the 
hemoglobin. Also the volume of mitochondrial substance is progres- 
sively reduced, and frequently the form of the individual elements is 
changed. 

The gradual reduction of the reticular substance, definitely correlated 
with a decreasing basophilia of the cytoplasm, is the most striking fea- 
ture of the maturing erythrocytes when seen in supravital preparations. 
Less conspicuous changes involve the appearance and behavior of both 
types of granular inclusions, preéxistent and induced. Primary gran- 
ules are usually absent from very young cells and disappear in a later 
but somewhat variable stage of differentiation. When they first appear 
they do not give a basophilic reaction in stained smears, but later in 
many instances they are characteristically basophilic. In mature cells 
of some animals the basophilic reaction is subsequently lost and the 
bodies are again demonstrated only by supravital methods. Moreover, 
in some vertebrates the primary granules may entirely disappear while 
in others they persist and assume characteristic patterns of distribution. 
Other granules of similar morphology and behavior may appear in cells 
that have stood in preparations for some time. Apparently induction 
of granules can occur only after some degree of differentiation of the 
erythrocyte has been attained, but the ability to respond in this manner 
may persist until full maturity is reached, and in many instances in- 
duced granules may appear even after the primary granules are no 
longer in evidence. In the mammals, however, the nucleus and all the 
cytoplasmic inclusions eventually disappear completely. 
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In the different vertebrates each of these changes in the maturing 
erythrocyte may take place at a different rate and to a varying degree. 
Accordingly, with the exception of the mammals, it is not always easy 
to decide which cells represent at maturity the more fully differentiated 
stage. In all vertebrates below the mammals the cells are character- 
istically nucleated with a few striking exceptions in the Amphibia 
(Emmel, 1924). In all of these animals the basophilia is eventually 
replaced by eosinophilia. The nucleoli may disappear; the nuclear- 
cytoplasmic ratio undergoes considerable changes, the nucleus becoming 
condensed and acquiring a characteristic chromatic pattern. That is, in 
ordinary stained smears the mature nucleated erythrocytes of vertebrates 
appear essentially alike except that they vary greatly in size. However, 
with the more delicate methods of supravital staining, quite striking 
differences are brought out. Accordingly, the patterns of granulation 
and reticulation afford the best criteria of the degree of differentiation 
of these cells, and of these two criteria the degree of persistent reticula- 
tion is probably the better since the reticular material is continuously 
present in the cell while the granules have a variable and much more 
complicated history. Still, the latter criterion cannot be entirely dis- 
regarded in comparing the nucleated red cells of the vertebrates. 

Adequate data for the comparison of the erythrocytes of vertebrates 
are available for fishes and amphibians, but the blood of reptiles and 
birds has not been studied so extensively by means of vital dyes. In 
order to secure first-hand information concerning the conditions in the 
reptiles and birds, supravital preparations of blood from the painted 
turtle, horned toad, fence lizard (Sceloporus undulatus), and the com- 
mon fowl were studied. 

In the fishes (both elasmobranchs and teleosts) and birds little retic- 
ular substance is present in the mature cells (Fig. 18, a, c, and d), being 
represented mostly by scattered filaments and granular fragments. My 
observations on the fowl differ from those of Doan, Cunningham, and 
Sabin (1925), who report that the final stages of reticulation consist in 
a few discrete bodies stainable with vital dyes. These bodies are readily 
demonstrated by low concentrations of either neutral red or brilliant 
cresyl blue (Fig. 18, b), but when brilliant cresyl blue in sufficiently high 
concentration to stain the nuclear reticulum is used, scattered fragments 
and short filaments are also uniformly present in the cytoplasm. Bril- 
liant cresyl blue is apparently reduced to some extent in the cell and the 
demonstration of persisting fragments of reticulum is possible only 
when the dye is present in considerable excess. In the amphibians and 
reptiles, on the other hand, a definite, more or less complete reticular 
pattern can be demonstrated in the mature erythrocytes, but in most 
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instances the amphibian erythrocytes contain the greater amount of 
reticular substance (Figs. 16, 19, 20, and 22). If the degree of per- 
sistence of reticulation is regarded as evidence of the degree of differ- 
entiation attained by the mature erythrocyte, it must be concluded that 
the red blood cells of fishes and birds are relatively more highly differ- 
entiated than those of the amphibians and reptiles. 

The amount of material demonstrable as so-called primary vital 
granules in the mature erythrocytes of the several classes of vertebrates 
cannot be readily correlated with the degree of persistent reticular sub- 
stance, but the history of the vital granules indicates that their presence 
in red blood cells is in some degree a measure of relative maturity. It 
has been already pointed out that the reticular substance is at a maximum 
in the young cells and gradually decreases as the erythrocytes mature, 
while in general the granular substance is not present at all until the 
cells are partially mature. 

It is practically impossible to make any significant generalizations 
regarding the vital granules. The erythrocytes of each species must be 
considered separately if any accurate conclusions are to be drawn re- 
garding relative maturity of the cells. It has been held by many that 
the granular material is but a phase of the filamentous reticulum. In 
very young cells the reticular substance is definitely granular before 
acquiring the filamentous form. The granular form is doubtless de- 
pendent on its concentration within the cell and is the result of the 
agglutinating or precipitating effect of the vital dye. The primary 
granules are, however, definite, discrete bodies, frequently distinguish- 
able in fresh unstained cells, and may often be demonstrated in fixed 
material. They are apparently associated in some way with cell metabo- 
lism, and when the erythrocytes are exposed to a penetrating dye it 
accumulates first of all in these preformed structures. Whether the 
secondary or induced bodies are derived from reticular material is less 
easy to determine. But certain lines of evidence would appear to 
indicate that they are the result of a specific reaction of the cytoplasm 
to an excess of dye and do not represent local, sharply delimited accumu- 
lations of reticular material (Chlopin, 1927). 

The history of the behavior of these three elements in the maturing 
erythrocytes further suggests that they are separate entities. In elasmo- 
branchs the primary granules of mature cells are large and numerous 
when the reticular substance is reduced to the same degree as in the 
teleosts. In the amphibians the history is also variable, granules being 
either present or absent, depending on the species (Arrigoni, 1908; 
Beams, 1930; Dawson and Charipper, 1929; DeRoo and Ufford, 1930; 
Goda, 1929; Hibbard, 1928; Jordan, 1925; Stolz, 1928), while the 
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reticular material persists as a fairly complete, open network. In Tri- 
turus viridescens the erythrocytes rarely contain any granules either 
primary or secondary, but as Nigrelli (1929) has shown, the reticulation 
in mature cells is relatively abundant (Fig. 16). Other similar ex- 
amples could be cited. 

In the reptiles the reticulation is quite abundant in mature cells but 
the primary granules are single in the alligator, horned toad, and fence 
lizard, and clustered at one pole in the painted turtle. The granules in 
these several species can also be demonstrated as basophilic bodies in 
dried smears stained by Wright’s method (author’s observations), and 
the question of their being induced bodies cannot be raised. In the 
common fowl and pigeon, Doan, Cunningham, and Sabin (1925) regard 
the single vital granule as a vestige of the reticular substance. Forkner 
(1929) also states that in the domestic fowl the cytoplasm of the eryth- 
rocytes contains, after staining with neutral red, from none to several 
small, reddish brown bodies which are usually near the nucleus but often 
move about and may be far out near the cell border. These bodies are 
not demonstrated in smears stained by Wright’s method but, as pointed 
out earlier, they have probably been demonstrated by other methods and 
mistaken for centrosomes. Their close resemblance to similar struc- 
tures in teleosts and reptiles which can be shown to be primary bodies 
lends strength to the view that they are preéxistent in the fowl erythro- 
cytes, and are not produced by a reaction of the dye with remnants of 
the reticular substance. In view of the evidence accumulated from a 
study of the nucleated erythrocytes of vertebrates, the author is in- 
clined to accept the conclusion of Michels (1931) that the reticular 
substance in reticulocytes has no genetic relation to the vital granules 
of the mature red cells, but would disagree with his acceptance of the 
view that vital granules are surface structures, either precipitates of the 
stain or stained precipitates of the plasma. After a study of the irregu- 
lar behavior of the vital granules in nucleated erythrocytes, it does not 
seem surprising that such granular cytoplasmic inclusions do persist 
even after the nucleus, chondriosomes, and reticular substance have dis- 
appeared from the mammalian cell. The appearance of primary gran- 
ules in the cytoplasm is apparently a constant phenomenon in the matu- 
ration of the erythrocytes. It is only in the mammalian erythroplastid 
that they uniformly completely disappear and in this instance they mark 
the acme of erythrocyte differentiation. They, however, are not always 
the last vestige of immaturity to disappear, since in some higher urodeles 
«ord several anurans they disappear while the reticular substance is still 
present in relatively large amounts. 

The appearance of secondary or induced granules in erythrocytes 
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following exposure to vital dyes apparently has only a very limited rela- 
tion to the degree of differentiation attained by such cells. It is true 
that young cells with a high concentration of reticular substance react 
slowly and to a very limited degree to dyes, but the amount of reaction 
obtained in more mature cells is also very variable and seems not to be 
directly determined by the degree of differentiation attained. Rather 
the reaction appears to be species specific and to depend on the perme- 
ability of the cell and other factors inherent in the cytoplasm of the 
given species. Also the degree of the reaction with the cytoplasm can- 
not be correlated with the presence of a certain amount of reticular 
substance, since as much induction may occur in mature erythrocytes 
of fishes with a minimum of reticulation as in those of amphibians and 
reptiles where the reticular substance persists in greater amounts. The 


induction phenomenon in cells containing primary granules is usually 


confined at first to the areas of the cell containing such preéxistent 
bodies. In the early stages of induction the primary granules them- 
selves become enlarged and new granules then appear in their immedi- 
ate vicinity. Later new bodies may form irregularly throughout the 
cytoplasm. 

The phenomenon of induction in erythrocytes appears to be closely 
related to the “ krinome”’ reaction to vital dyes described by Chlopin 
(1927) for many other cells of the animal body. Freely penetrating 
stains such as the basic dyes appear to accumulate within the cytoplasm 
of the red blood cells and appear first in the preformed bodies when 
they are present. Later, as more dye is accumulated, it is segregated 
by some reaction oi the cytoplasm into newly formed structures. In 
some erythrocytes this accumulation and subsequent segregation of dye 
within the cytoplasm appears to continue progressively and to surprising 
limits, while in other erythrocytes the reaction proceeds only to a mini- 
mum extent. As has been already noted, many of the external factors 
influencing this reaction are known, but the factors within the cytoplasm, 
which are apparently of utmost importance, are unknown. The re- 
action, as in the anurans (Beams, 1930), proceeds as well in mature 
cells without preformed bodies as in cells in which preformed bodies are 
numerous and conspicuous. The final loss of the ability to react, as in 
the most highly differentiated mammalian erythrocytes, would seem to 
indicate that the degree of differentiation attained by the cell in some 
way determined or limited the cytoplasmic reaction to the dye. Such a 
conclusion, however, is rendered more or less untenable by the irregular 
behavior of the nucleated erythrocytes of other vertebrates, whose degree 
of differentiation at maturity can be estimated by the degree of per- 
sistence of reticulation. In such cells, except in very young stages, 
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there is no significant correlation between the relative degree of differ- 
entiation attained and the degree of neo-formation of vitally stained 
bodies. 

sefore concluding this discussion of the relative degree of differenti- 
ation of the mature vertebrate erythrocytes, one other morphological 
feature of maturing erythrocytes should be mentioned, although the 
observations on it are not all comprehensive. It has already been noted 
that with relatively high concentrations of brilliant cresyl blue the nucle- 
oli in immature cells of the fishes appeared as deep blue bodies in a light 
blue, apparently homogeneous nucleus, the nuclear reticulum not being 
shown with such concentrations of the dye. The nucleoli (plasmo- 
somes) are relatively large in young cells and vary in number, but there 
are seldom more than three in any cell. They grow smaller as the 
erythroblasts differentiate and usually appear as single, small, spherical 
bodies. After the stage at which the reticular substance appears as an 
open-meshed, almost complete network the nucleoli are more rarely seen, 
and in the mature cells containing scattered fragments of reticulum they 
are usually absent. In the catfish, however, nucleoli are uniformly 
present in the mature erythrocytes. 

Nucleoli are not readily demonstrated in the mature cells of the 
Amphibia by brilliant cresyl blue, but they may be stained if concentra- 
tions of dye sufficiently high to bring out the chromatin reticulum of the 
nuclei are used. The dye, however, must not be intense enough to stain 
the chromatin a dark blue or the nucleoli are obscured (Fig. 16). In 
such preparations of the erythrocytes of Necturus and Triturus the 
nucleoli, numbering from one to four, appear as dark blue bodies lying 
between the coarse bars of light blue chromatin. They are somewhat 
irregular in form and are not so sharply outlined as in the fishes. At 
first it seemed doubtful if these bodies were nucleoli, but a comparison 
of the mature cells with younger stages in the circulation appears to 
establish their plasmosomal nature. 

In the reptiles studied (horned toad, fence lizard, and painted turtle) 
for this feature of the mature erythrocyte, the nucleolus is uniformly 
found as a single spherical body in all mature erythrocytes, and is a 
striking feature of all properly stained preparations (Figs. 19, 20, and 
22). Immature cells were rarely encountered in the blood of these ani- 
mals and no comparisons with the nucleoli of younger erythrocytes were 
made. In the blood of the fowl no nucleoli could be distinguished in 
mature cells ; but in an occasional immature cell, still in the stage with a 
more or less complete reticular net, small single spherical nucleoli were 
observed. 


This method of demonstrating nucleoli, supravitally with brilliant 
5 
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cresyl blue, in red blood cells does not appear to have been previously 
employed. It seems to be a delicate method and to give clear pictures 
of nucleoli even when they cannot be easily demonstrated in fixed and 
stained preparations. In many amphibian erythrocytes brilliant cresyl 
blue also stains the achromatic contents of the nucleus a reddish violet, 
while the chromatin is a light blue and the nucleoli deep blue. In such 
cells the nucleoli appeared to be imbedded in the achromatic substance. 

These observations on the persistence of the nucleoli are correlated 
in a very satisfactory manner with the findings on the degree of per- 
sistence of reticular material and afford additional evidence that the 
mature erythrocytes of fishes and birds are relatively more highly differ- 
entiated than those of amphibians and reptiles. 

The degree of differentiation of erythrocytes of the several classes 
of vertebrates as determined by the criteria of persistent reticulation and 
presence of nucleoli also seems to correlate fairly well with the size of 
these cells. The Amphibia as a class have the largest erythrocytes 
(Fig. 21). Reptiles have blood cells next in size and fishes come next, 
then birds and mammals. It is difficult, however, to conceive that cell 
size could directly influence the degree of persistent reticulation or the 
persistence of nucleoli. The presence of primary granules might pos- 
sibly be dependent to some extent on this factor, since the products of 
metabolism might be less readily eliminated from larger cells and tem- 
porary accumulations be segregated in the cytoplasm in the form of 
granules. 

SUMMARY 


The reactions of the mature erythrocytes of seventeen species of 
fishes to the vital dyes neutral red, Janus green B, and brilliant cresyl 
blue, have been studied. In most teleosts the primary vital granules are 
readily demonstrated by neutral red and consist of one or two small 
granules eccentrically placed near one pole of the nucleus, but in the 
menhaden, alewife, and mackerel the primary granules are most nu- 
merous and are either arranged in a single definite line about the nucleus 
or scattered irregularly throughout the cytoplasm. In the elasmo- 
branchs the granules are large, numerous, and scattered. In a majority 
of the teleosts the primary granules may be demonstrated as basophilic 
bodies in dry films stained by Wright’s method and are also frequently 
seen in fresh unstained preparations. 

Secondary or induced granules may also appear in the cytoplasm of 
cells exposed for long periods to the dye. The degree of induction of 
new bodies does not appear to depend entirely on external factors but is 
determined to a large extent by factors inherent in the cytoplasm of the 
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given species. In general the mitochondria are filamentous, reduced in 
number, and lie in close contact with the surface of the nucleus. 

The reticular substance in all mature erythrocytes of the fishes is 
greatly reduced and appears either as short irregular filaments or as 
minute granular remnants. It is best demonstrated with brilliant cresyl 
blue. 

An attempt is made to compare the relative degree of differentiation 
attained by the mature erythrocytes of the several classes of vertebrates. 
The following criteria have been considered: changes in nuclear-cyto- 
plasmic ratio; chromatin distribution in the nucleus; involution of the 
nucleoli; loss of basophilia; changes in the form, distribution, and vol- 
ume of mitochondrial substance; reduction of reticular substance; 
amount of primary granules; and degree of induction of secondary 
granules. Of these criteria the degree of persistence of reticulation 
has been found to be the most consistent, and on this basis the several 
classes of vertebrates are arranged in the following ascending order of 
relative differentiation attained by their erythrocytes at maturity: am- 
phibians, reptiles, fishes, birds, and mammals. This arrangement is also 
supported by the behavior of the nucleoli, which persist in the erythro- 
cytes of amphibians and reptiles but are not usually demonstrated in 
the mature cells of fishes and birds. 

The history of the primary and secondary granules is less regular 
and consequently less useful for measuring the relative differentiation 
attained by the cells of different classes of vertebrates. However, 
within a given class of vertebrates it is concluded that the presence of a 
large number of primary granules or the rapid induction of new granules 
in mature cells may be regarded as supplementary evidence of a lesser 
degree of differentiation. The presence of primary granules or the 
degree of induction of new granules, however, cannot always be cor- 
related with the degree of persistence of reticulation. 

It is also concluded on the basis of this survey of the vertebrate 
erythrocyte that primary granules, secondary granules, and patterns of 
reticulation as revealed by vital dyes, must be regarded as three separate 
entities which are not genetically related. 
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EXPLANATION OF PLATES 


All drawings are from dry preparations and were outlined at the same magni- 
fication by means of a camera lucida. The details were filled in free-hand from 
sketches of the fresh cells. Erythrocytes stained with brilliant cresyl blue to 
demonstrate patterns of reticulation are shown with solid nuclei. All others, with 
the exception of Fig. 21, were stained either with neutral red and Janus green B 
or neutral red alone. The mitochondria are usually filamentous but some granular 
forms are present. Ordinarily they may be distinguished by their juxta-nuclear 
position. 


Pate I 
Explanation of Figures 


1. Erythrocytes of the toadfish showing, (a) induction of granules and reticu- 
lation; (6 and c) primary granules and mitochondria; (d) primary granules and 
reticulation. 

2. Erythrocytes of the sea robin showing, (a and b) the primary granules and 
mitochondria; (c) induction of granules after twenty minutes; (d) reticulation. 

3. Erythrocytes of the sea bass showing, (a) primary granules and mito- 
chondria; (b) induction of granules after twenty minutes; (c) reticulation in a 
mature cell; (d) reticulation in an immature cell which possesses a nucleolus. 

4. Erythrocytes of the tautog showing, (a and >) primary granules and mito- 
chondria; (c) reticulation in an immature cell; (d) reticulation in a mature cell. 

5. Erythrocytes of the eel showing, (a and d) primary granules and mito- 
chondria; (b) induction of granules after twenty minutes; (c) reticulation in a 
mature cell. 

6. Erythrocytes of the cunner showing, (a and >) primary granules and mito- 
chondria; (c and d) reticulation in mature cells. 

7. Erythrocytes of the scup showing, (a and c) primary granules and mito- 
chondria; (b) reticulation in a mature cell; (d) reticulation in an immature cell. 

8. Erythrocytes of the butterfish showing, (a) reticulation in a mature cell; 
(b) primary granules and mitochondria; (c and d) reticulation in immature cells. 

9. Erythrocytes of the sand dab showing, (a) primary granules and mito- 
chondria; (b) granules and reticulation; (c and d) induction of granules after 
twenty minutes. 

10. Erythrocytes of the menhaden showing, (a) perinuclear primary granules 
and mitochondria; (b) granules after twenty minutes; (c) reticulation in a mature 
cell; (d) reticulation in an immature cell. 

11. Erythrocytes of Cyprinodon showing, (a and b) primary granules and 
granular mitochondria; (c and d) reticulation in mature cells. 

12. Erythrocytes of Fundulus majalis showing, (a) induction of granules after 
twenty minutes; (b and c) primary granules and mitochondria; (d) reticulation in 
a mature cell. 

13. Erythrocytes of the mackerel showing, (a) reticulation in an immature 
cell; (b) perinuclear primary granules and mitochondria; (c) induction of gran- 
ules after twenty minutes; (d) reticulation in a mature cell. 

14. Erythrocytes of the alewife showing, (a) induction of granules after 
twenty minutes; (b) reticulation in a mature cell; (c) primary granules and 
mitochondria; (d) reticulation in an immature cell. 
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Pirate II 
Explanation of Figures 


15. Erythrocytes of the smooth dogfish showing, (a) the primary granules 
and mitochondria; ()) reticulation in a mature cell; (c) reticulation in an imma- 
ture cell. 

16. An erythrocyte of Triturus viridescens showing reticulation of a mature 
cell. Note the complete absence of granules. 

17. Erythrocytes of the spotted skate showing, (a, b, and c) primary granules 
and mitochondria; (d) reticulation in a mature cell. 

18. Erythrocytes of the domestic fowl showing, (a, c, and d) reticulation of 
mature cells; (b) primary granules and mitochondria. 

19. Erythrocytes of the fence lizard showing, (a) primary granules and mito- 
chondria; (b) induction of granules after twenty minutes; (c and d) reticulation 
and nucleoli in mature cells. 

20. Erythrocytes of the horned toad showing, (a) primary granule and mito- 
chondria; (b and c) reticulation and nucleoli in mature cells. 

21. An erythrocyte of Amphiuma means from a smear stained by Wright’s 
method, showing the primary granuies as clusters of basophilic bodies. 

22. Erythrocytes of the painted turtle showing, (a) the primary granules and 
mitochondria; (b and c) reticulation and nucleoli in mature cells. 
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CILIATA); CAUSE OF RED WATER IN THE 
GULF OF MAINE 
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ZoOLocIcAL LABORATORY, UNIVERSITY OF PENNSYLVANIA 


I. INTRODUCTION 


During the warmest days of August, 1931, there were noticed in 
Frenchman Bay* on several occasions, great patches and lanes of red 
water. This has been known to occur in previous years but rarely so 
early as the fifth of August. These patches of red water were caused 
by swarms of small red animals, which appeared in layers from one to 
three meters beneath the water level. In spots these animals would be 
more crowded, thus varying the density of the patch as a whole and 
making the color vary from a brick to a blood red. Between the action 
of the wind and tide these patches would be streaked out in great lanes 
and irregular areas. On some days these patches would be more 
numerous than on others. As to the origin and ultimate fate of these 
areas of red water, the writer has no information. 

A microscopic examination of a drop of sea water containing these 
organisms reveaied hundreds of small red animals which moved rapidly 
in a zig-zag fashion reminding one of the characteristic movements of 
Halteria. On preliminary examination their appearance suggested that 
of trochophore larve ; however, their incredible numbers and small size 
suggested that they were protozoa. Since the living animals died and 


disintegrated within one or two minutes upon exposure in a drop of 
water on a glass slip, no definite conclusion could be reached as to their 
morphology from a study of the living material. 

Further study indicated that these animals were swarms of a ciliate 
belonging to the genus Cyclotrichium Meunier. I have named it Cyclo- 
trichium meunieri sp. nov. 


The writer wishes to express his appreciation to Mr. William Procter 
of Bar Harbor, Me., in whose laboratory this study was initiated; and 
to Dr. D. H. Wenrich for his many helpful suggestions and criticism of 
the manuscript. 


1 Frenchman Bay is that part of the Gulf of Maine which separates the north- 
west side of Mt. Desert Island from the mainland. 
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II. TECHNIQUE 


Quart jars of this red water were collected and allowed to stand in 
a cold place for about 20 minutes, in which time the organisms settled 
to the bottom. With a long pipette this sediment was collected and 
spurted into flasks half filled with warm (40°C.) fixative. Both 
Schaudinn’s and Bouin's fixatives were used. After 30 minutes’ fixa- 
tion the animals were removed from the fixative with the aid of a centri- 
fuge, washed and stored in 70 per cent alcohol. At the close of the 
summer, vials containing this fixed material were brought back to the 
University, where the slides were made and the study completed. 

By mixing, on a cover-glass, a drop of this alcoholic sediment of 
fixed organisms with an equal amount of Mayer’s egg albumen, spread- 
ing it carefully so that it would dry slightly, and finally flooding the 
cover-glass with absolute alcohol, these minute organisms were fastened 
to the cover-glass to facilitate their easy manipulation during staining. 
After 15 minutes in absolute alcohol the cover-slips were gradually 
transferred to water. Part of the material was stained with iron 
hematoxylin, Mayer’s hemalum, or Delafield’s hematoxylin; and part 
by Feulgen’s nucleal reaction. 

It was found necessary to section some of this material, and in order 
to handle these small animals in paraffin a mixture of the alcoholic 
sediment and Mayer’s egg albumen was placed in a concavity cut in a 
small block of preserved (70 per cent alcohol) liver, coagulated with 
absolute alcohol; and this block, with embedded protozoa, was then 
handled as a piece of tissue. By infiltrating in 67° paraffin and treating 
the block with ice water before cutting, sections of 4 could be cut 
with ease. The same stains were used for the sectioned material as 
for the whole mounts, with the exception that counterstains of orange G 
or eosine were used to demonstrate the cilia. 


III. OBSERVATIONS 


Cyclotrichiuim meunieri (Fig. 1), is almost oval, with the anterior 
end blunted and the posterior region slightly conoid. 

Size —This ciliate is relatively small. Twenty-five specimens se- 
lected at random from fixed material averaged 33 » (25-42 ») in length 
and 22m (18-34) in width through the anterior region, whose di- 
ameter is somewhat greater than that of the posterior portion. 

Cytostome.—The cytostome could not be definitely located ; however, 
most of the specimens show, at the larger end, a depression (Figs. 1 
and 2) slightly funnel-shaped and leading into the interior without any 
well-marked structures. This location of the cytostome agrees in gen- 
eral with that described by Meunier (1910) for C. cyclokaryon; and 
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with descriptions given of the cytostomal regions of a number of species 
of Cyclotrichium described by Fauré-Fremiet (1924). 

Ciliary Band.—A broad band of cilia is found about the middle. 
The fine, closely-set cilia are from 5 to 6 long and are found only in 
the depressed mid-region or ciliary band. Besides being depressed and 
ciliated, this band is further indicated by 52-60 striations which run 
parallel to the longitudinal axis. Each striation is made up of 5 to 9 
granules; anteriorly the granules form a definite ring (Figs. 1 and 3, 
A. G. R.), while posteriorly they become slightly larger (Fig. 1). With 
iron hematoxylin these granules stain black, as do the metaplasmic 
granules of the endoplasm. With Delafield’s hematoxylin or Mayer's 
hemalum the metaplasmic granules fail to stain while the granules of 
the ciliary band are definitely outlined, thus indicating that the two 
types of granules are not the same. Because of the close association 


EXPLANATION OF PLATE 


Cyclotrichium meunieri sp. nov. All drawings have been made at a magnifica- 
tion of 2900 diameters and reduced about two-fifths in printing. The animals have 
been fixed with Bouin’s fluid, stained in Heidenhain’s haematoxylin, with the excep- 
tion of those shown in Figs. 7 and 8 which were treated for the Feulgen reaction. 


Abbreviations 


A.G.R., anterior granular ring E 
B.G., basal granules E.V., extra-nuclear vesicle 
C., cilia L.S., longitudinal striations 
C.B., ciliary band M., macronucleus 
C.Bu., ciliary bundles m., micronucleus 
C.C., compound cilia Me., metaplastids 
Ch., chromatin P., pellicle 
C.P., chromatophore platelets P.B., pyrenoid body 
Cy., cytostome P1., plastin 
S.S., shrinkage space or artifact 


.. endoplasm with inclusions 


Explanation of Figures 

1. Side view of Cyclotrichium meuniecri. Chromatophore platelets and pyre- 
noid bodies do not stain in the whole mounts. 

2. Sagittal section showing arrangement of chromatophore platelets, pyrenoid 
bodies, etc. 

3. Sagittal section through region of ciliary band showing the arrangement of 
the basal granules. 

4. A diagram of the possible arrangement of cilia in compound units to explain 
structures as shown in Fig. 6. 

5. Cross section through anterior region. 

6. Cross section through region of ciliary band. Cilia are finer and+more nu- 
merous than could be shown in drawing. 

7. Early telophase in dividing individual; six chromosomes are seen in each 
daughter. 

8. Nuclear complexes showing variations. (a) micronucleus and two extra- 
nuclear vesicles; (b) micro- and macronucleus and two extra-nuclear vesicles ; 
(c) a stage somewhat later than that shown in Fig. 7. Macronucleus is seen in 
only one of the daughter cells. 
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of these granules of the striations with the cilia, I have designated them 
as basal granules. 

The uneven movement of the living animal suggests the presence 
of cirri or membranelles ; however, since the sectioned material showed 
only these exceedingly fine and numerous cilia and their large associated 
(compound?) basal granules (Fig. 3, B. G.), it would seem that we 
have in the living condition a system of compound cilia which at death 
separate into their component units (Fig. 6, C.). A diagrammatic in- 
terpretation of these compound cilia is shown in Fig. 4. Further evi- 
dence for this arrangement is presented by the staining reaction. With 
iron hematoxylin the points of insertion of the cilia stain after the 
manner of a clump of fibrils (Fig. 6, C., Bu.), suggesting definite 
bunches or bundles of cilia. 

Ectoplasm.—Beneath a thin, smooth pellicle, completely shielding 
the endoplasm, is a series of irregularly concave chromatophore plate- 
lets (Fig. 2, C. P.), each with an associated pyrenoid body (Fig. 2, 
P. B.) ; the whole being inclosed by a large vacuole. The red color of 
C. meunieri is doubtless due to the presence of a hematochromatous 
substance localized in the chromatophore platelets, which are possibly 
of an amylaceous nature. These platelets stain deeply with iron hema- 
toxylin but not at all with Mayer’s hemalum. That these platelets have 
a definite body is demonstrated by the fact that they are often torn from 
their place due to the impact of the knife during sectioning. In the 
region of the ciliary band the platelets are missing while the pyrenoid 
bodies with their vacuoles remain (Fig. 2). 

Endoplasm.—After staining sections with iron hematoxylin the 
endoplasm is crowded with many darkly staining bodies. These are 
designated metaplasmic granules, for they are doubtless associated with 
the metabolic processes. Because of the abundance of these meta- 
plasmic granules, the nuclear apparatus could be demonstrated success- 
fully only by the aid of the Feulgen technique. 

A typical ciliate nuclear complex is present. The macronucleus is 
slightly irreguiar and demonstrates a definite core of plastin (Fig. 8), 
M.) surrounded by a layer of granular chromatin. The micronucleus 
is small, sometimes vesiculated (Fig. 8b, m). Besides the macro- and 
micronucleus there are found one or more bodies, irregular in shape and 
staining but slightly with Feulgen’s reagent, which are designated as 
extra-nuclear vesicles (Fig. 8, E. V.). These extra-nuclear vesicles are 
always present and seem to be either the formative or degenerative stage 
in the development of the macronucleus. 

A number of dividing individuals were studied, and in one (Fig. 7) 
showing an early telophase stage in the division of the micronucleus six 
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chromosomes could be counted in each daughter nucleus. A somewhat 
later stage than this is shown in Fig. 8c; in this case only one daughter 
individual received a definitive macronucleus, the other had but the extra- 
nuclear vesicles. 

Occurrence.—Since single individuals of C. meunieri have been 
found in sea water taken either from the storage tanks of the laboratory, 
or among the material from plankton hauls; it seems reasonable to 
look upon this species as a member of the protozoan fauna of this 
region. Its sudden appearance in swarms among the surface plankton 
of the bay must be correlated with the periodic enrichment of the water 
by the nitrogen-bearing alge whose numbers increase during periods 
of warmth and excessive sunshine; all of which factors tend to make 
areas of the bay excellent culture media for these red water ciliates. 
In the present instance the summer had been warmer than usual, par- 
ticularly during the last of July and the first week of August. 


IV. Discussion 


Many organisms are known, under favorable conditions, to multiply 
in such numbers as to discolor great bodies of water. Martin and Nel- 
son (1929) review this subject and give instances of red water occurring 
in Delaware Bay due to the swarming of Amphidinium fusiforme. 
Kofoid and Swezy (1921) record the occurrence of swarms of Gony- 
aulax polyhedra as being the most frequent cause of red water along 
the Pacific coast. 

I have placed the ciliate causing red water in the Gulf of Maine in 
the genus Cyclotrichium Meunier because it seems to resemble very 
closely a ciliate of rare occurrence in the plankton hauls from Barents 
Sea. Meunier (1910) established this genus for C. cyclokaryon but 
figured a number of ciliates as Cyclotrichium Sp? because their poor 
preservation would not permit further classification. Those ciliates 
were included in the genus Cyclotrichium which had a ciliary band or 
belt in an equatorial depression which divided the body into two sub- 
spherical halves. Making allowance for the poor fixation of his mate- 
rial, the organisms which he described under the name of Cyclotrichium 
Sp? may be likened to those found off the coast of Maine which I have 
named C. meunieri. 

The Maine fishermen recognize this red water as a source of food 
for the herring sardine and it is said that when the red water is present 
in the herring’s intestines they become unfit for sale. Mackerel are 
also reported by the fishermen as sometimes containing “ red feed” in 
their digestive tracts. It would seem that “ red water ” and “ red feed ” 
are due to two different organisms. Inquiring into this condition fur- 
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ther, the writer corresponded with Dr. A. G. Huntsman, Director of 
the Atlantic Biological Station at St. Andrews, mentioning these occur- 
rences. Dr. Huntsman replied as follows: 

“In the St. Andrews region we have never seen the water coloured 
crimson by the form you mention. In warm summers the warmest strip 
near the center of the upper end of Passamaquoddy Bay sometimes be- 
comes decidedly reddish and this has been found due to large numbers 
of different kinds of Tintinnoids which have been studied by Professor 
J. N. Gowanlock, although his report has not yet been published. In 
the St. Andrews region the term ‘ red feed’ is given to copepods as they 
occur in the stomach of herring, particularly the young herring or sar- 
dine. The most abundant form is Calanus and at times the swarms of 
this species give a reddish cast to small areas of the water.” 

To my knowledge Cyclotrichium meunieri is the first holotrichous 
ciliate to be associated with the appearance of red water in the ocean. 


V. SumMMARY 


1. Red water in Frenchman Bay is caused by the swarming of a 
small red ciliate, Cyclotrichium meunieri sp. nov. 


2. This organism is ovoid, about 33 4 long, and has in a wide de- 
pression about its middle a band of fine cilia. It has been suggested 


that compound cilia may be present in the living animals. The endo- 
plasm is well shielded by a peripheral series of chromatophore platelets, 
each with an associated pyrenoid body. 

3. Six chromosomes were observed in each of the daughter micro- 
nuclei in an early telophase of division. 
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THE NUMBER OF PRE-ADULT INSTARS, GROWTH, 
RELATIVE GROWTH, AND VARIATION IN 
DAPHNIA MAGNA 
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Until recently growth and variation in Crustacea have been studied 
by means of preserved materials. These materials may consist of a 
single collection taken in a certain locality at a specific time or several 
collections made in different localities at different times. Often conclu- 
sions are drawn from an isolated collection. Such studies necessarily 
neglect the past history of the individual. Any conclusions reached by 
such methods regarding growth and variation can only be regarded as 
tentative and subject to verification by experiments with individually 
reared animals. 

As a result of such studies on Coronis, Brooks (1886) was led to 
the statement: “... the length of the larva increases. uniformly at 
each moult by one fourth of its length before the moult.” Later 
Fowler (1909) designated this numerical relation “ Brooks’ Law.” He 
also called the fixed fractional increase the “ growth factor.” 

That “ Brooks’ Law ” does not hold for Cladocera has been shown 
by Rammner (1930) after a series of studies on individually reared 
animals from several genera. Gurney (1929) doubts that the above 
relations exist for copepods. Other arthropods as well do not follow 
“ Brooks’ Law.” Calvert (1929) found that larval Odonata grow quite 
irregularly. 

Such studies with Cladocera have perhaps led to the conclusion that 
individuals of a species pass through a definite number of pre-adult 
instars. When a graph of a population is made wherein the number of 
individuals of a size class is plotted against size, i.¢., total length, a series 
of size modes is secured (Fig. 1). These size modes are taken as repre- 
sentative of the growth stages of the organism. Usually females of a 
given species which are of a specific size or larger bear eggs in their 
brood chambers. The number of size modes between the embryonic 
stages and the mode of the smallest egg-bearing females is taken as the 
number of pre-adult instars for the species. 

__ 1A part of the experimental work related in this paper was done at the Zodlog- 
ical Laboratory of the State University of Iowa. 
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Inspection of graphs of size distributions such as in Fig. 1 shows 
that the size groups represented by the modes are not entirely distinct. 
The size groups in the lower size ranges are usually quite distinct but not 
decidedly disjoined from each other. Those in the higher size ranges 


NUMBER OF CASES 


Ka 220 260 300 240 

Fic. 1. Distribution of a population of Chydorus sphericus according to 
length (after Werner). 
tend to run together and are not so easily identified. Since the size 
groups are not entirely distinct over the pre-adult range and the past 
history of each individual is not known, the conclusion that all indi- 


Fic. 2. Diagram showing methods of making measurements. 7—total length, 
longest dimension of animal exclusive of spine. C—carapace length, longest di- 
mension of carapace exclusive of spine. H—height, the shortest distance between 
two lines tangent to the carapace, as illustrated, and parallel to the line of T. 
This measure of height is affected but little by the number of young in the brood 
chamber. 
viduals of a species have a definite number of pre-adult instars is not 
necessarily valid. 

The writer finds that the number of pre-adult instars for Daphnia 
magna is rather variable. Calvert (1929) reported that the number of 
larval instars for certain species of Odonata is not constant. Dover 
(1931) reported that the number of moults in Orgyia turbata decreases 
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when fed on Crotolaria. Singh-Pruthi (1925, etc.) found that the 
number of moults for mealworms can be varied. Schubert (1929) ex- 
amined Ceriodaphnia reticulata from two ponds. The material from 
the one pond was collected early in July, 1926. He believed that all 
C. reticulata in this collection were primiparous in the fourth instar. 
The material from the second pond was taken in mid-September of the 
same year. His findings regarding the latter were that 60 per cent 
of the individuals were primiparous in the third instar and that 16 
per cent were still immature in the fourth. He concluded that at least 
two varieties of C. reticulata exist in these ponds. Apparently the num- 
ber of pre-adult instars is variable in this species. Agar (1930) re- 
ports that Simocephalus gibbosus and Daphnia carinata have three and 
four pre-adult instars respectively but adds that a small percentage of 
the individuals become mature in one less than the average. 

The aim of this paper is to present data on growth of individually 
reared Daphnia magna and further to consider the application of the 
equation 

y = bx 


to relative growth and variation in Cladocera. 


MATERIALS AND METHODS 


Female Daphnia magna Straus. of several clones were employed. 


One clone was used for the major portion of the work. To determine 
whether or not the observed results were characteristic only of the one 
clone, some six others were tested. One of the latter was secured from 
Dr. A. M. Banta. All of the other clones, including the one first men- 
tioned, were derived from ephippial eggs which may be traced to Banta’s 
stocks. 

Individual females were isolated within six hours of their release 
from the brood chambers of the mothers. These were measured and 
placed in separate vials containing thirty to thirty-five cubic centimeters 
of a culture medium. Banta’s manure-soil medium (Banta, 1921) and 
oatmeal and wheat modifications were employed. More uniform re- 
sults were obtained from the regular manure-soil medium than from 
modifications, as the results of one series of experiments indicate. 

Where a modified culture medium was used, the animals were placed 
in old manure-soil medium and a drop of an oatmeal mixture or wheat 
infusion was added daily. Water was added to replace the fluid lost by 
evaporation. The oatmeal mixture was prepared by cooking rolled oats 
for a half hour in about twice the amount of water ordinarily used in 
making a porridge. The mixture was then strained through gauze and 
kept in a refrigerator until used. The wheat infusion was prepared by 
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TABLE I 
Mean total lengths of female Daphnia magna of one clone during each of the 


pre-adult instars and the first adult for different classes of individuals. The classes 
are based on the number of pre-adult instars and the nature of the culture medium. 








MEDIUM | a? OATMEAL MODIFICATION 


Number of 
Pre-adult 
Instars ; | 


Number ot 

Cases 19 29 
First | 
Instar 10.85 + 0.01/0.80 + 0.01/0.84 + 0.01/0.83 + 0.01/0.77 + 0.02 
| | ” Siesta a nimmmnenenia 
Second | 
Instar }1.09 + 0.02/1.02 + 0.01|1.00 + 0.01/0.94 + 0.01/0.86 + 0.02) 








Third 


| | MEAN 

Instar 1.39 + 0.02/1.33 + 0.03)1.17 + 0.01/1.05 + 0.01/0.99 + 0.03) TOTAL, 
\ = | 5 IN MM. 

Fourth | | 


Instar 11.77 + 0.021.70 + 0,03|1.36 + 0.02|1.19 + 0.01|1.12 + 0.04 





Fifth | | 


| | | 
Instar \2.13 + 0.02|2.06 + 0.04|1.64 + 0.02]1.38 + 0.01]1.22 + 0.05| 


Sixth | Adult | Adult 
Instar |2.60 + 0.02|2.56 + 0.03|1.99 + 0.02|1.69 + 0.0111.55 + 0.10 


Seventh | Adult 
Instar \2.49 + 0.02/2.08 + 0.03|1.87 + 0.09} 





Eighth Adult 
Instar 2.56 + 0.03|2.20 + 0.04) 


Ninth | Adult | 
Instar 2.52 + 0.03) 





Number of 
Young in 
First Brood | 6.4 + 0.6 








Number of 
Young in 
Second 
Brood 95+0.5 | 94+0.6 
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boiling wheat in water, decanting the fluid, and allowing this to stand 
open for several days before using. When the manure-soil medium was 
used exclusively, one-third of the fluid was removed semiweekly from 
each vial and replaced by fresh medium. 

At the time of isolation of the individuals and after every moult each 
individual was placed in a watch glass together with a few drops of the 
culture medium. Just enough of a saturated solution of chloretone was 
added to bring about cessation of movement. The chloretone did not 
appear to have any detrimental effects. By means of an ocular microm- 
eter the measurements as illustrated in Figure 2 were made. ‘The three 
measurements consisted of total length exclusive of the spine, carapace 
length, and height. Camera lucida outline drawings were made during 
each instar for each of three animals. In addition to these measure- 
ments, note was taken as to the presence of eggs in the brood chamber. 
Within twenty-four hours after their release the young were removed 
from the vials and counted. 

Size and shape change only at the time of moulting in this species. 
Repeated measurements of any dimension during a single instar always 
gave the same results. Agar (1930) pointed out this fact for Daphnia 
carinata and Simocephalus gibbosus. Such being the case, a single set 
of measurements suffice for each animal during any one instar. 

All the experiments were carried out at room temperature (18°- 
23° Ca 

NUMBER OF PrE-ADULT INSTARS AND GROWTH 


The results of observations on the number of pre-adult instars, i.c., 
the number of instars elapsing between the time of release of the indi- 
vidual female from the brood chamber of her mother and the appearance 
of eggs in its own brood chamber, and the mean total length of the ani- 
mals during each are summarized in Table I. The data were segregated 
on the basis of the number of pre-adult instars and the culture medium 
used. The number of pre-adult instars varied for the animals reared in 
the oatmeal modification. For those reared on the standard manure- 
soil medium the number was constant. Twenty individuals only were 
used in the latter series, one of which died before reaching maturity. 

The number of pre-adult instars above five may perhaps be explained 
on the basis of food deficiency. Great numbers of large ciliates were 
found in the modified medium. These probably reduced the number of 
smaller microérganisms that ordinarily would have been available as 
food to the Daphnia. The ciliates themselves were too large to be con- 
sumed. Conditions similar to this arose at a time when great numbers 
of the annelid Agolosoma were found in the culture medium. At times 
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a culture medium seems to stimulate the adult females to produce great 


numbers of young, but this same lot of medium does not seem sufficient 
for the development of the young. 
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Fic. 3. Growth curves of different classes of individuals reared on the oat- 
meal modification; A—those animals with five pre-adult instars (7 individuals), 
B—six (18 individuals), C—seven (30 individuals), D—eight (5 individuals). 
T—total length; C—<carapace length; H—height. The arrow indicates the first 
adult instar. 

The animals used in the experiment with the modified medium were 
all released on the same day. The time taken to reach sexual maturity 
varied from six to ten days. The number of days corresponded approx- 
imately to the number of pre-adult instars in each case. The animals 
were all kept under identical conditions and the culture medium was 
from the same lot. The experiment using the standard manure-soil 
medium was begun several weeks later. 
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Table I brings out an interesting relation. The mean size for each 
group during the instar when eggs first appear in the brood chamber 
varies from 2.49 mm. to 2.60 millimeters. Apparently Daphnia magna 
must attain a certain size before becoming sexually mature. Singh- 
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Fic. 4. Growth curves of a group of animals reared on unmodified manure- 
soil medium. These had five pre-adult instars (7 individuals). 7—total length; 
C—carapace length; H—height. The arrow indicates the first adult instar. 


Pruthi (1925, etc.) found that metamorphosis of mealworms took place 
only after the larve were full-grown. 

Rammner (1930b) has found that eggs were produced after the 
fourth instar in Daphnia magna. After observation on well over a 
thousand individually reared females, the writer has never observed less 
than five. L. A. Brown has observed five pre-adult instars for this 


TABLE II 


Number of Individuals Primiparous During the Sixth to Ninth Instar 











Sixth Seventh Eighth Ninth 
Instar Instar Instar Instar 


x Those living beyond the 10th instar without bearing eggs. 
* Clone secured from Dr. A. M. Banta. 





10 
3 
+ 
1 

11 


6 
10 4+ 








88 B. G. ANDERSON 


species (unpublished data). Rammner’s smaller number may be due 
to some factor in the culture medium or perhaps to a genetic difference 
in his animals. 

Figures 3 and 4 are growth curves constructed from data secured 
from animals included in Table I. The data used were taken only 
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Fic. 5. Growth curves of three broodmates of clone B. Animal A had five 
pre-adult instars; B, six; and C, seven. 7—total length; C—carapace length; H— 
height. Arrow indicates first adult instar. 


from those animals which were still living during the last instar recorded 
on the graphs. All such are included. The inflection in the curves 


always occurs at a point which corresponds to the time of sexual 


maturity. 
All the individuals used in the above experiments were of the same 
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clone. To determine whether or not the variation in the number of 
pre-adult instars was characteristic only of this clone, another series of 
experiments was performed using six other clones. Five of these were 
raised from ephippial eggs. A sixth clone was secured from Dr. A. M. 
Banta. Manure-soil medium and the wheat modification were em- 
ployed in these tests. Table II gives the results. Examination of this 


WT 


Fic. 6. Outline drawings of a single animal during each of the first thirteen 
instars. The animal is the one for which growth curves are shown in Figure 5A. 


The arabic numerals designate pre-adult instars; the Roman numerals—adult 
instars. 


table shows that the variability in the number of pre-adult instars is 
characteristic of all clones used. Variation occurred to about the same 
extent in both media. 


Two of the animals included in the above experiments lived for at 
least thirteen instars without bearing young. Ordinarily the ovary in 
the adult assumes a green color, especially toward the end of the instar. 
Microscopic examination did at no time reveal the development of the 
green color in the ovaries of either animal. In one of them growth did 
not seem retarded. Her total length during the thirteenth instar equaled 
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the average total length, during the same instar, of those primiparous in 
the sixth. 

Individual growth curves for three brood mates of clone B are shown 
in Figure 5. Each of these as designated A, B, and C, bore its first 
clutch of eggs in the sixth, seventh, and eighth instars respectively. 
These were raised under the same conditions and at the same time, 
using the same lot of unmodified manure-soil medium. The measure- 


Taste III 


Growth ratios for various classes of animals according to the nature of the culture medium, 
number of pre-adult instars, and clone 
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* Classes—M6, M7, M8, and M9 from clone A reared on modified medium and 
primiparous in the sixth, seventh, eighth, and ninth instars respectively. R6 from 
clone A and reared on the regular manure-soil medium, primiparous in the sixth 
instar. B6, B7, and B8 from clone B, primiparous in the sixth, seventh, and eighth 
instars respectively. This table is based on the same data as are Figs. 3, 4, and;5. 
The ratios are based on total length. 

+ Denotes instar during which animals were primiparous. 
ments for these were made by means of camera-lucida drawings. Fig- 
ure 6 is a reproduction of the series of camera-lucida drawings for 
animal A. 

The irregularities in the number of pre-adult instars and in the 
growth of Daphnia magna as brought out above indicate that no law of 
growth such as “ Brooks’ Law” is valid under all circumstances. Ta- 
ble III brings the case out more clearly. This table gives the values 
of the ratio of the total length during each instar for each group to that 
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of the previous instar. These values correspond to the “ Wachstums- 
quotienten ” of Rammner (1930) and others. For those cases in which 
the individuals were primiparous in the sixth instar the value is fairly 
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Fic. 7. Log log plots of the relations between carapace length and total length 
C/T, height and total length H/T, and height and carapace length H/C during 
each instar for different classes of animals reared on the oatmeal modification—the 
same for which growth curves are shown in Figure 3. The lines were drawn ac- 
cording to the calculated values of the constants given in Table IV. The breaks 
in the relations are coincident with sexual maturity. A—animals with five pre- 
adult instars (7 individuals), B—six (18 individuals), C—seven (30 individuals), 
and D—eight (5 individuals). 


constant during the pre-adult stages. In all other instances the value 
is quite variable. After sexual maturity the value decreases consider- 
ably and approaches unity in old age. The validity of “ Brooks’ Law” 
with regard to Daphnia magna may therefore be considered to depend 
on the conditions of the individual and of the environment. 
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RELATIVE GROWTH AND VARIATION 


The foregoing portion of this paper has brought out the wide irregu- 
larities in the general growth rate of individual Daphnia magna. In 
spite of these irregularities the relative growth of parts is quite constant. 
If the logarithm of the carapace length be plotted against the logarithm 
of the total length for each, two straight lines may be drawn—one 
through the points for the pre-adult instars and the other for the adult 
instars. The lines so drawn differ slightly in slope and in position 
(Figs. 7, 8, and 9). Such Jog log plots of height against total length 
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Fic. 8. Log log plots of the relations between carapace length and total length 
C/T, height and total length H/T, and height and carapace length H/C during 
each instar for a group of animals reared on unmodified manure-soil medium—the 
same for which growth curves are shown in Figure 4. The lines were drawn ac- 
cording to the calculated values of the constants given in Table IV. The breaks 
in the relations are coincident with sexual maturity. 


and against carapace length show similar characteristics. These linear 
relations can be expressed as 
Y= bx*, 


where b is a constant and k is the “ differential growth ratio” of y com- 
pared with +. Huxley (1924, etc.) * has found that a large number of 
organs obey this law. Hersh (1928, 1931) has shown that the facet 
numbers in the dorsal and ventral lobes of bar-eyed Drosophila conform 
to this equation. Robb (1929) has applied this relation to relative 
growth of organs in mammals and found it satisfactory. 

2 For an elucidating treatise on relative growth see Huxley “ Problems of 


Relative Growth” (Methuen Co., London, 1932). This work became available to 
the author after having submitted the present paper to the editors. 
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An interesting feature coming out of this study is that relative 
growth changes at sexual maturity. This may be seen on examination 
of any one of the log log graphs. The change is much more distinct in 
clone A (Figs. 7 and 8). The change in clone B is less discernible 
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Fic. 9. Log log plots of the relations between carapace length and total length 
C/T, height and total length H/T, and height and carapace length H/C during 
each instar for three individual broodmates of clone B—the same for which growth 
curves are shown in Figure 5. The lines were drawn according to the calculated 
values of the constants given in Table IV. The breaks in the relations are coinci- 
dent with sexual maturity. Animal A had five pre-adult instars, B six, and C 
seven. 


(Fig. 9). Table IV gives the values of the constants b and k for both 
clones. These were computed by the method of averages. Since all 
points on any one graph represent the same number of cases, the cal- 
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culated values of the constants are practically as accurate as those se- 
cured by a more elaborate method. 

Huxley (1927) has suggested that heterogony in Maia begins at 
sexual maturity. He also noted that this is probably true for male 
Gammarus. Examination of Figure 1 in the same report shows a 
change in relative growth of the large chela as against the rest of the 
body in Uca pugnax. Huxley makes no mention as to its significance. 
Robb (1929) has pointed out that a change takes place in the relative 
growth of various organs and suggests that another factor becomes in- 
volved. These changes are apparently coincident with sexual maturity. 

Since the value of k approximates unity for all above relations, both 
for pre-adult and adult instars of Daphnia magna, and the value of b 
for each relation varies only over a small range, the animal does not 
change in proportions, to any great extent, during growth. Wesenberg- 
Lund (1926) writes that variations in D. magna of Denmark are insig- 
nificant. This condition is therefore as expected. 

In a great many Cladocera pronounced variations occur. Rammner 
(1927) has discussed several methods for their study. As far as the 
writer is aware, no one has considered applying the equation 


y = bs* 

in such studies. 

Masses of data on variation have been collected by various workers 
on several species (Werner, 1924; Rammner, 1926; Heberer, 1928). 
The data as presented by these workers do not allow of the proper 
manipulation for testing the validity of the equation for the purpose. 
Were the original data available, a satisfactory test might be made. 
Rammner’s (1928) data on individually reared Chydorus sphericus and 
Pleuroxus trigonellus seem quite irregular. Woltereck’s (1925) data 
on individually reared Daphnia cucullata seem satisfactory for the pre- 
adult instars. In log log plots of the head length against the body 
length a break in the relations appears in about the middle of the pre- 
adult instar range and another at sexual maturity. The first change 
seems likely to affect only the value of the constant b in the equation 
while k remains approximately the same. The second change would 
probably affect the values of both constants. The values of the con- 
stants for the adult instars cannot be determined, since the data includes 
measurements for only one and sometimes two adult instars. Different 


varieties give different values for the constants. The general trend of 
the relations is the same. 
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The advantage of applying the equation 


y = bx* 


to data on variation in Cladocera is that the direction of variation may 
be expressed numerically in the constants b and k. The data employed 
could be taken from preserved material such as that used by Werner 
and others. Huxley and his coworkers have used this method in the 
study of heterogeny in Crustacea with apparent success. Collections 
from several localities, as well as those made in the same locality at 
different seasons, might thus be readily analysed and compared. 


The author wishes to express his appreciation to Drs. J. H. Bodine 
of the State University of Iowa, L. A. Brown of George Washington 
University, and A. H. Hersh of Western Reserve University for their 
many helpful suggestions and criticisms, and especially to Dr. Hersh 
for suggesting the method of treatment of relative growth. 


SUMMARY 


Observations as to the number of pre-adult instars have been made 
on over 200 individually reared female Daphnia magna of seven clones. 
In all cases measurements of the total length during each instar were 
taken. For weil over a hundred individuals measurements of carapace 
length and height were taken in addition to those of total length. 

The number of pre-adult instars varied upward from five. This 
variation was found in all clones tested. 

Growth curves have been constructed for various groups based on 
the number of pre-adult instars. The inflection in the growth curve of 
any dimension in any group coincides with the time of sexual maturity. 

“ Brooks’ Law ” holds only for those groups which were primiparous 
during the sixth instar and then only approximately. 

Relative growth in the dimensions studied, + and y, may be expressed 
by the equation 

y = bx*. 


Relative growth changes at sexual maturity, i.c., a change occurs in the 
values of the constants b and k. 

The above equation may perhaps be used to advantage in the study 
of variation in other Cladocera. By the use of this equation the direc- 
tion of variation can be given numerical values. Comparisons of differ- 
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ent races and varieties, both seasonal and geographic, may be readily 
made on this basis. 
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SOME EFFECTS OF HIGH PRESSURE ON DEVELOPING 
MARINE FORMS 


JOHN W. DRAPER AND DAYTON J. EDWARDS 
(From the Department of Physiology, Cornell University Medical College, New 
York City, and the Marine Biological Laboratory, Woods Hole, Mass.) 

The action of hydrostatic pressure, below certain limits, in producing 
an increase in the contractility of cardiac and skeletal muscle, raises a 
question of prime interest as to the nature of the effect. Does an in- 
crease in the absolute pressure of the environment of a tissue, with the 
resulting increase in tissue density, give rise to a general stimulation of 
the fundamental processes in the cells? Several lines of approach have 
been considered for an answer to this question, but the aim in the present 
experiments will be to deal only with the influence of pressure on certain 
oi the fundamental processes in the early development of marine eggs. 

The experimental observations relate mainly to two features: first, 
the effect of maintained compression on the rate of development of fer- 
tilized eggs, particularly in the early stages; and second, the effects pro- 
duced by pressure on the rate of the heart in embryos at the stage when 
pulsations are just beginning and then later when the rhythm is fully 
established. 

The observations were made in an apparatus having essentially the 
saine construction as that previously described (Edwards and Cattell, 
1928). The fertilized eggs of Fundulus were placed in glass vials filled 
with sea water and covered with thin rubber membrane to prevent their 
escape. One lot of the eggs was then placed in the compression cham- 
ber, which was also filled with sea water, and another lot, the control 
sample, was placed in a second chamber similar to the first. In this 
manner the factors of temperature, respiration and amount of agitation 
were kept constant, and the experimental sample differed only in having 
pressure applied for known intervals. 

In a few experiments the technic was modified to permit observation 
of the eggs during the period when they were under the action of pres- 
sure. The essential things for this purpose consisted of a heavy glass 
window mounted in one end of the compression chamber, which made 
it possible to view with low magnification objects placed immediately 
beneath it, and a depression slide fixed in position close to the inside sur- 
face of the window to contain the eggs. A small mirror backing the 
slide and a “ Pointolite”’, lamp, which directed a beam of light through - 


the window and against the mirror, permitted fair illumination for a... 
microscopic examination of the eggs in the depression of the slide. All ° 
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of the observations on the change of heart rate under pressure were 


made by using this adaptation of the pressure apparatus. 

An observation of general interest arising from these experiments 
on compression of the developing egg is the extremely slight change 
that occurs in the egg structures when subjected to comparatively high 
pressures. The method has permitted observations on the diameter of 
the egg, the size and state of aggregation of the fat globules, the size 
and position of the blastodisc, and the size of the finer blood vessels in 
parts of the embryo. A close study of these different parts of the de- 
veloping egg, made during and immediately after the onset of pressure 
of 110 atmospheres, reveals no significant changes. Observations on 
advanced embryos within the egg, made while pressures of 1500 pounds 
per square inch were applied, may reveal nothing more than a few quick 


TABLE I 


The effect of pressure on the cleavage of Fundulus eggs. The time intervals in 
the fourth column signify the delay in the development of eggs subjected to pressure 
as compared with those maintained under control conditions. The observations 
were made at the cleavage stage shown in the fifth column. 





Experi- 


Duration of Delay of Stage of 
ment No. i 


compression pressure eggs cleavage 


Pressure 


lb. min. min. 
1500 140 15 second 
1700 60 15 first 
13 second 
1500 108 20 third 
1950 120 10 third 
1950 100 15 first 


15 second 





movements of the embryo not unlike those shown at indifferent intervals 
by material of this kind. 

In order to test the effects of pressure on the rate of cell division it 
was necessary to have some standard for comparing the eggs subjected 
to pressure with those maintained under control conditions. In our 
initial experiments the completion of the membrane between two daugh- 
ter cells was taken arbitrarily as an end-point. With this criterion the 
data contained in Table I show that the eggs subjected to pressure are 
delayed about fifteen minutes in reaching a given stage of development. 
The exact time, however, at which a batch of developing eggs reached a 
given stage in division was often difficult to determine. Additional ob- 
servations, therefore, were taken (1) by making counts on the control 
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and the experimental samples to determine the predominant stage at a 
given time; and (2) by removing samples of 25 or more eggs which 
were placed in a fixing solution for later examination. The results by 
these methods of study are set forth in detail in Tables II and III and 
the evidence they bring forth lends support definitely to the conclusion 
that compression retards cell division. 

The eggs subjected to pressure have been carefully watched for any 
abnormalities that might occur. A number of monsters have been 
found of the types showing gross distortions of the body, changes of the 
cardiovascular system, and tendencies towards anophthalmus. The per- 
centage of abnormal specimens, however, was not large and there was no 
dominant type of dysmorphism. The abnormalities of the eye were usu- 


TABLE II 


The effect of pressure on the cleavage of Fundulus eggs. The data contained in 
the fourth and fifth columns represent simultaneous observations on samples of eggs 
subjected to pressure (pressure sample) and samples maintained for the control. 
The observations were made on living material. 


Experi- Duration of Pressure Control 


Pressure compression sample 


f division stage division stage 
1300 1-cell 2-cell 
1700 2-cell 4-cell 
1650 1 and 2-cell 2 and 4-cell 
1650 1-cell 2-cell 
1575 2-cell 4-cell 
1560 1-cell 2-cell 
1525 1-cell 2-cell 
1300 70 1-cell 2-cell 
1500 108 2-cell 4-cell 
1950 120 4-cell 8-cell 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


= 


ally those showing one located craniad to the other but not exactly in 
the midline, while the deformities of the cardiovascular system appeared 
usually as an asymmetrical development of the vessels. The failure of 
the blood vascular system to develop symmetrically causes the heart to 
be drawn to one side of the pericardial cavity. 

The Fundulus embryo is a favorable object for the study of the rate 
of the heart, since the pulsations of this organ may be observed almost 
at the time automaticity starts and may be followed until a completely 
functioning circulatory system is established. As heart automaticity is 
a fundamental property in development, with a fairly definite time of 
appearance, the study of the influence of pressure on this phenomenon 
presented features of unusual interest. The results of 17 experiments 
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are summarized in Table 1V. These data show that a pressure of 1200 
pounds produces a reduction in the heart rate within two minutes, 
amounting to an average decrease of 9.9 per cent from the control rate. 
The decline in rate continues, however, somewhat more slowly than the 
initial change, so that at the end of a 10-minute period of compression 
the average reduction was only 16.6 per cent below the control value. 
When pressure was applied, the pulsations of the heart showed a defi- 
nite reduction in the rate within a half minute of the onset. Although 
in some instances a more or less gradual decline prevails under pressure, 
the more common type of change appears to be a fairly abrupt slowing. 

The action of different amounts of pressure was tested, within the 
range of 400 to 1200 pounds, in an attempt to determine if critical points 


TABLE III 


The effect of pressure on the cleavage of Fundulus eggs. The data contained in the 
fourth and fifth columns represent counts made on samples of eggs subjected to 
pressure (pressure sample) and samples maintained for the control. The observa- 
tions were made on fixed material. 


Pressure sample Control sample 


Duration 
Pressure of com- 


pression 2-cell | 4-cell 8-cell 2-cell 4-cell 8-cell 
| 


stage stage stage stage stage stage 





lb. 
1500 
1500 
1500 
1500 
1500 


35 
27 
20 

0 
12 


ooococo 








Total count 


o 


94 














exist in the pressure effect. The results support the view that the pres- 
sure effect becomes progressively greater with the higher grades of 
compression on the heart. With pressures ranging from 1200 to 1900 
pounds we have been abie to suppress the automaticity of the heart to 
the extent of not being able to observe under low magnification any 
indication of a contractile response. We do not overlook the fact that 
localized fine pulsations of a few fibers may have persisted in these 
preparations, so small indeed as to have been beyond our range of 
identification, but the essential fact is that automaticity was practically 
stopped. On release of pressure these hearts which have been held 
quiescent for several minutes immediately show signs of activity and 
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eventually recover, thereby confirming our previous observations (Ed- 
wards and Cattell, 1928) that the pressure effect is freely reversible in 
nature. In establishing a pressure standstill of an embryo heart several 
changes have been observed to occur, such as arrhythmia, partial and 
complete heart block, and fibrillary motion of the auricles terminating 
in a cessation of activity in the region of the sinus. With the reéstab- 
lishment of activity after release of pressure, sometimes recovery ap- 
peared almost simultaneously in sinus, auricle, and ventricle, while in 


TABLE IV 


Effect of Pressure on the Heart Rate in Fundulus Embryo 








Per cent A 
Heart rate dur- | Heart rate after in heart rate 
ing compression | pressure release during com- 
Experiment d | Pressure pression 


10 min. 2 min. 10 min. 





beats 
lb per min. 


1200 65 d 7.3 
1200 7 52 53 ‘ 16.2 
1200 43 5: 5 ‘ 21.9 
1200 48 S§ q . 94 
1200 s 48 — ; 12.8 
1200 § 50 9.1 
1200 46 : 8.0 
J 53 14.5 
9 : 53 ‘ 3: 7.0 
10a 59 : 9.2 
10b — 4 — 
11 66 . 9.6 
17 63 : 12.6 
19 50 2 11.7 
20 11.7 
21 13.8 
22 25.1 


2 
3 
4 
52 
5 
6 
7 
8 




















Average 9.9 16.6 














other instances the return followed the reverse order of the disappear- 
ance with some degree of arrhythmia preceding the dominance of the 
normal type. 

The remarkable effect of pressure in reducing and abolishing the 
rhythmicity of the embryo heart raises a question as to the nature of 
the action. A factor that immediately occurs to one as a possible cause 
for the restraining action of pressure is a direct excitation of inhibitory 
nerve fibers supplying the heart. Experiments designed to throw light 
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on this suggestion were carried out in the following way. Embryos 
ranging in age from 14 to 20 days were carefully dissected and the heart 
completely isolated from the surrounding tissue. The preparations were 
kept immersed in a 40/60 dilution of sea water and tap water to which 
was added 5 per cent of glucose. These hearts are not easy to handle 
on account of the very small size, but with care it was possible to mount 
them on a depression slide and to place them in the compression chamber 
where their activity could be followed through the window with a low 
power objective. 

The results of these observations confirm in all essentials those ob- 
tained with the entire embryos. Moreover, the same type of changes 
was present, as, for example, the arrhythmia, the different degrees of 
block in conduction, and the localized areas of rhythmicity. When these 
results are considered in conjunction with those on whole embryos taken 
at an early stage before nerve connections are established, they furnish 
additional support to the view that the depressing action of pressure on 
rhythmicity is not through an effect on the inhibitory nerve mechanism. 


Discussion 


In the agent pressure we have an instrument by which the contractil- 
ity of cardiac and skeletal muscle tissue may be greatly stepped-up, but 


this action, remarkable as it is for these tissues, appears to be a peculiar 
effect on the contractile mechanism of these types of muscle. In the 
present experiments we have evidence that such fundamental biological 
properties as cell division and automaticity of the embryonic heart be- 
come restrained by pressure—a fact that presents equally difficult ques- 
tions to answer as those given by the augmentation phenomenon in cer- 
tain types of contractile tissue. 

While the types of chemical change underlying the processes of cell 
division and heart rhythmicity obviously are complex and the factors 
common to both cannot be set down, yet the fact is not without interest 
that some forms of chemical reactions are known to be influenced by 
pressure. Rothmund (1896) found that the acid inversion of cane 
sugar, a first order catalytic reaction, is decreased in velocity about five 
per cent when subjected to a pressure of 500 atmospheres, and on the- 
oretical grounds there is reason to conclude, according to Jones (1915), 
that the velocity of second order reactions is influenced in direct pro- 
portion to the pressure. 

Attention was called in the early part of this paper to the observation 
that the cell constituents gave no gross signs of change under pressure. 
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With albumin, however, an addition of energy to the material produces 
a tendency to coagulation, as shown by Fermau and Pauli (1915) on 
irradiating with radium salts, and by Bridgman (1914) with high pres- 
sures ; therefore it is probable that some alteration takes place in the egg 
substance even at the comparatively low pressures used in our experi- 
ments, but its character is such as to be not easily recognizable. The 
observations of Heilbrunn (1920, 1921) show in a definite way how 
great are the changes in viscosity of egg protoplasm during the process 
of division and they emphasize also the manner in which mitosis may be 
inhibited by factors that tend to modify the viscosity changes. The 
pressure effect in retarding cell division may be, therefore, largely one 
of altering the viscous properties of the cell constituents. 

Perhaps the one factor upon which attention first becomes focused 
in the attempt ‘9 account for the decrease in division rate of eggs under 
pressure is a possible change in the oxygen supply. This feature re- 
ceived thoughtful attention at the outset of our experiments, and we 
believe that the details of procedure employed provide adequate controls 
and successfully rule out a change in gas tension as a factor in our 
results. 

Our early observations on the effect of pressure gave evidence to 
support the view that the rhythmicity of the isolated heart is accelerated 
when a compression up to 60 atmospheres (882 pounds per square inch) 
is made to act upon this organ. The procedure in these initial experi- 
ments, however, of subjecting the preparation to pressure for only brief 
intervals and of taking records of the heart cycles immediately following 
the onset of pressure gave rise to an incomplete conception of the action 
of this agent. A review of our original tracings and evidence from 
many additional observations made since show quite conclusively that 
pressure does not induce an acceleration of the rate of the heart except 
as a temporary event. The present results, therefore, showing always 
depression of the rate under pressure seem at first discordant with 
previous findings, but full consideration of the facts indicates quite 
clearly that we are dealing with the secondary action of pressure on 
rhythmicity in contrast to the initial temporary effect that occurred 
during the first eight to ten cycles in a rhythmic preparation following 
the onset of compression. 

The effect of pressure in slowing the heart rate raises a question con- 
cerning the mechanism of this action. While a mechanical factor may 
have contributed some part in this type of response, it is evident that 
such an effect does not arise from an increase in the resistance to the 
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circulation by pressure narrowing the peripheral vessels, since careful 
observations of the size of certain small vascular channels reveal no 
detectable alterations in their caliber with the application of pressure. 
The property of automaticity of the heart, on the other hand, is influ- 
enced in a marked degree by changes in the ionic relations of its en- 
vironment, and the observations of Bogojawlensky and Tammann 
(1898) on the conductivity-pressure coefficient of some conducting sys- 
tems gives proof of the changes in the mobility of ions and of the 


alterations in the ionization of electrolytes by pressure. The precise 
changes in ionic equilibrium that may have operated in producing a 
retardation of the heart rate under compression cannot be given from 
the data at hand, but that a factor of this nature plays a part is strongly 


suggested by the type of effect that pressure gives in slowing the 
embryonic heart. 


SUMMARY 


Hydrostatic pressure of as much as 1900 pounds per square inch 
applied to living eggs of the Fundulus causes no evident changes in the 
cell constituents. 

The rate of cell division of Fundulus eggs was slowed by maintain- 
ing them under pressures of 1300 to 1900 pounds for periods ranging 
from 30 minutes to three hours. In the pressure samples a few in- 
stances appeared of abnormal forms of development. 

The automaticity of the heart in young embryos becomes slowed by 
pressure and apparently may be abolished if the compression is main- 
tained but returns within a few minutes following release of the pres- 
sure. In ten experiments an average decrease of 9.9 per cent in the 
heart rhythm under pressure was present within an interval of two min- 
utes. The embryonic heart under pressure develops arrhythmia, types 
of local block, and isolated fibrillary activity. 

The action of pressure in slowing the heart rate does not depend on 
the presence of inhibitory nerves to this organ, since compression pro- 
duces a slower rhythm of (a) hearts from older embryos that have been 
dissected free of all extrinsic nerve connections; and (b) hearts of 
young embryos that have no intrinsic nerves developed. 

The bearing of viscosity and ionic changes produced by pressure are 
considered in relation to the decrease in the rate of cell division and 
the automaticity of the embryonic heart. 
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THE CRUSTACEAN EYE HORMONE AS A VERTEBRATE 
MELANOPHORE ACTIVATOR 


EARLE B. PERKINS AND BENJAMIN KROPP 


ZoOLocicAL LaBorAToRY, RuTGERS UNIVERSITY 


There is produced in the eye stalks of crustaceans a hormone which, 
carried in the blood stream, is effective in inducing chromatophore 
changes. This has been demonstrated repeatedly by Perkins (1928) 
and Perkins and Snook (1931) for Palemonetes, and by Koller (1928) 
for Crangon. The active material acts in every case as a contractor,— 
that is, an extract from eye stalks, when introduced into the circulation 
of blinded or black-adapted shrimps, causes maximal contraction of the 
red and yellow chromatophores. Koller (1928) also reported the oc- 
currence of the reciprocal phenomenon, namely, expansion of chromato- 
phores of white-adapted shrimps induced by extracts from the rostral 
region of Crangon. Thus far this has failed of experimental confirma- 
tion ( Perkins and Snook, 1931). 

In 1929, Kropp reported the presence in the eyes of black-adapted 
tadpoles of a substance effective in producing expansion of melanophores 
in white-adapted Fundulus and tadpoles of Rana clamitans. In this 
case the use of extracts from eyes of white-adapted tadpoles gave no 
results on black-adapted animals. Here, as in the case of the inverte- 
brates, evidence pointed to the presence in the eyes of a substance which, 
under proper conditions, induced effects on chromatophores. 

To test the interspecificity of the chromatophore activator found in 
the crustacean eye stalk, and thus further to establish its hormone na- 
ture, was the object of the experiments here reported. Extracts from 
the eye stalks of Palemonetes vulgaris were made in 0.7 per cent NaCl 
solution. Thirty eye stalks were macerated in 5 cc. salt solution, boiled, 
centrifuged, and the clear extract decanted off and cooled. Tadpoles of 
Rana clamitans were placed in white and black dishes until their skin 
melanophores were respectively nearly maximally contracted and ex- 
panded. To the unaided eye the white-adapted tadpoles appeared light 
yellow-green, the black-adapted almost black. Each individual then 
received 0.2 cc. of the extract in the dorsal lymph sinus. White-adapted 
controls received 0.2 cc. 0.7 per cent NaCl solution. Animals adapted 
to a black background, which received 0.2 cc. of the eye extract, showed 
no obvious melanophore movements as a result of the injection, nor did 
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the controls at any time show marked changes in pigmentation. The 
animals adapted to a white background, however, did show pronounced 
effects. Within five minutes of the injection these tadpoles began to 
darken over most of the dorsal surface, even though they remained on 
a white background. Maximal darkening was reached after thirteen 
minutes. The tadpoles at this time showed a very dark band across the 


Fic. 1. Left, black-adapted tadpole injected with 0.2 cc. Palemonetes eye ex- 
tract. Center, white-adapted tadpole injected with 0.2 cc. Palemonetes eye extract: 
melanophores expanded following injection. Right, white-adapted tadpole injected 
with 0.2 cc. 0.7 per cent NaCl: no expansion of melanophores. 


whole dorsal surface, extending forward to a line connecting the pos- 
terior margins of the eyes, and backwards to the anterior root of the tail 
(Fig. 1). The snout region remained characteristically in the original 
light condition when the injection was made into the dorsal lymph 
spaces. We assumed that since the skin between the eyes and over most 
of the head adheres closely to the cranium, the lack of response of the 
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head melanophores was due solely to the presence of this mechanical bar- 
rier and the consequent inability of the material to come into contact 
with the skin in this region. This assumption proved correct, for injec- 
tion of the extract directly under the head skin produced the darkening 
reaction over the head. The tail did not show the effect, although a 
suggestion of it could be obtained by injecting the extract directly into 


Fic. 2. Left, eye-extract injected white-adapted tadpole. Center, pallor ap- 
pearing after effect of injecting eye extract had worn off. Sharp line of demarca- 
tion between area of punctate melanophores and stellate melanophores of tail 
clearly shown. Right, normal black-adapted tadpole. 


the tail musculature. This is only an apparent anomaly and by no 
means real, as will be shown below. 

Microscopic examination of the skin of the living animal at this time 
revealed the expected condition—a dense network of expanded melano- 
phores all over the darkened area. Fifteen minutes after the injection 
the darkening began to disappear until, thirty minutes after maximum 
darkening, the animal was once more in its original light state, the ef- 
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fects of the extract apparently having been dissipated. The process of 
returning pallor did not, however, stop at this point. It continued until 
the entire dorsal surface of the animal became lighter than it was before 
the extract was injected. This after-pallor may persist for twenty-four 
hours or more. It is confined to the dorsum and the root of the tail, the 
greater mass of the tail being non-reactive and appearing dark in con- 
trast to the pale dorsal surface (Fig. 2). Microscopic examination of 
the living animal’s skin showed, as expected, sharply contracted, punctate 
dermal melanophores in the trunk, while those of the tail were stellate. 
The region of demarcation between trunk and tail was strikingly sharp 
and in different animals was surprisingly similar in contour. The 
darker area of the tail formed a V, pointing cephalad, at a point just 
posterior to the union of tail and trunk. Laterally the line ran pos- 
teriorly and ventrally until near the ventral raphe of the tail, where it 
continued laterally but anteriorly and was lost in the lightly pigmented 
skin of the venter. In some animals the line followed superficially the 
course of the spinal nerves in the tail, while in others there was a more 
irregular course. 

In addition to eye stalks of Palemonetes vulgaris we used those of 
the blue crab, Callinectes sapidus. The active substance was present 
here also, and the results described above hold true in every detail for 
tadpoles treated with extracts of eye stalks of Callinectes. The only 
differences observed were that with Palemonetes extracts the onset of 
the darkening reaction was more rapid, and the degree of maximum 
darkening attained was somewhat greater. 

Since hormones are carried by the blood stream to all parts of the 
organism, it appears irregular at first sight that the tadpole tail should 
not respond as did the dorsal surface of the trunk. The tadpole tail 
has often been an object for experimentation on color change and pig- 
mentary reactions, but results have usually been inconclusive or contra- 
dictory (Kropp, 1927). It is indeed not strange that this is so, for the 
tail of the tadpole, especially in older specimens and when the hind legs 
have appeared, is in a state of physiological flux. The disorganization 
of the pigmentary system may be correlated with circulatory changes 
and the general resorption process of this organ. The fact that the tail 
is a poorly reacting system is probably due to this physiological instabil- 
ity. In our experiments the reacting substance was carried. by lymph 
and to some extent by the blood stream. For practical reasons we did 
not inject intravenously at this time. However, we venture the predic- 
tion that intravenous injection will not greatly alter the reaction of the 
tail as described above. 

The injected substance has opposite effects in the shrimp and in tad- 
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poles,—producing contraction of chromatophores in the former, expan- 
sion in the latter. This is a further example of a hormone producing 
different results depending on the reacting system or type of chromato- 
phore concerned. 

The chromatophore activator produced by the crustacean eye stalk 
shows all the characteristics of a true hormone now that we may include 
its wide interspecificity. This has recently been reported also by Koller 
and Meyer (1930) and by Meyer (1931), who injected eye extracts and 
rostral-region extracts of Crangon into the fishes Gobius and Pleuron- 
ectes, producing chromatophore movements. With the eye-stalk extract 
they report the production of pallor in these fishes,—the opposite of the 
effect we obtained on frog tadpoles. 

The fact that an invertebrate hormone is effective on a vertebrate 
system seems highly significant. As yet very few endocrine processes 
are known among the invertebrates—the crustacean eye hormone being 
by far the most spectacular. The attention that has been given to the 
vertebrate endocrine system has disclosed a variety of humoral effects, 
but it is by no means certain that this important codrdinating mechanism 
is confined to the vertebrates alone. It is possible that every tissue 
possesses the ability to affect other tissues by means of substances lib- 
erated into the circulating media, not only in the vertebrates but in the 
invertebrates as well. The occurrence of such a substance in crusta- 


ceans which is effective in fishes and amphibians may indicate an evolu- 


tionary precursor of the more highly developed vertebrate endocrine 
system. 
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“ MITOGENETIC RAYS ”—A CRITIQUE OF THE YEAST- 
DETECTOR METHOD 


OSCAR W. RICHARDS AND G. WELLFORD TAYLOR? 


(From the Osborn Zoélogical Laboratory, Yale University, the Physiological 
Laboratory, Princeton University, and the Marine Biological 
Laboratory, Woods Hole) 


The interest in the theory of mitogenetic radiation has brought forth 
a considerable literature. Schrieber and Luntz (1931) recently list 49 
cases indicating the existence of these rays and 26 cases where negative 
results were obtained when yeast was used as a detector for the radia- 
tion. These rays of short wave length (2000-3400 A) are supposed 
to be given off by a wide variety of tissues and to possess the property 
of accelerating the division of other cells placed in their path. Further, 
the budding of yeast is generally considered by the proponents of this 
theory to be especially sensitive to these rays and to be one of the best 
detectors of this radiation. The literature has been reviewed recently 
by Hollaender and Schoeffel (1931) and by Taylor and Harvey (1931). 
Baron (1930) reports mutuoinduction or the acceleration of the bud- 
ding of yeast by their own radiation. 


I 


The husbandry of the yeast in many of the published papers on the 
effects of such radiation is not satisfactory to one familiar with the 
growth of yeast, and the following minimal essentials are stated to estab- 
lish criteria for the evaluation of experimental data on the theory of 
mitogenetic radiation. Violation of these well-established fundamentals 
of yeast culture accounts for much of the conflicting opinion and inade- 
quate literature on this subject. 

First, the yeast used as a detector for this radiation must be a pure 
strain obtained from an isolated, single cell. Single cell isolation studies 
by Wallace and Tanner (1928) have shown the amount of variation of 
different cells from the same pure species of yeast. Second, both the 
rate of the growth and the yield of yeast should be reported as well as 
the percentage of cells with buds. An increase in the population, over 
a period of time, is a better index of proliferation than the percentage 

1 Mr. Taylor expresses his appreciation to the staff of the Woods Hole Labora- 


tory of the U. S. Bureau of Fisheries for facilities placed at his disposal during the 
summer of 1931 when these experiments were performed. 
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of buds. Third, the mortality of cells must be determined at the same 
time. A high mortality would vitiate such experiments and evidence 
should be produced that there has been no selective killing as normally 
occurs during the latter part of the growth of a population when the 
culture medium is not maintained effectively constant (Richards, 1928a, 
b, 1932a). Fourth, the relative and absolute errors of sampling the 
populations and of the counting, etc., must be measured and stated. 
Fifth, the yeast should be maintained at the proper temperature for the 
species studied and the temperature used stated (e.g., not just as room 
temperature, Streline, 1929). Saccharomyces cerevisie shows irregu- 
larity of division with elongate cells at 30.0° and injury at higher tem- 
peratures.? Sixth, the medium should be maintained effectively con- 
stant, except for the radiation of the experimental cultures, so that the 
rate of growth of the yeast otherwise is constant. With many of the 
culture fluids this limits the length of the experiment with respect to 
the amount of seeding and the volume of the medium to less than 40 
hours unless the medium is changed during the experiment. For a 
given amount of medium a definitely limited yeast crop will be obtained 
when the food is exhausted and the waste products accumulate in suffi- 
cient concentration to check the growth. With large seedings this crop 
is obtained in less time than with smaller seedings, even though the rate 
of growth (percentage and rate of budding) may be the same in both 
cases. When very small amounts of culture medium, single drops, are 
used the succession of the known changes which determine the growth 
of the population * would influence and obscure the effects of radiation. 
This is especially true with experiments on mutuoinduction when the 
cell densities are proportionally greater. 

The proponents of the theory of mitogenetic rays have implied that 
yeast is unsatisfactory as a detector when it is growing at a constant rate 
in an effectively constant environment because it is then growing as 
rapidly as possible. They presume that there is a latent period in cell 
division which limits the rate of its recurrence. This objection to con- 
stant conditions does not affect the experiments to be described because 
with the same culture conditions the addition of a growth stimulant, 
such as inosite (Richards, 1932b), in a concentration of 1: 100,000 will 
significantly increase the rate of growth. It is also to be remembered 
that the budding of most of the common species of yeast is different 
from that of cultures of tissues from multicellular organisms in that the 
same mother cell may form simultaneously two or more buds. Baron 

2 Borodin (1930) neglects this fact, which probably accounts for much of the 


variation in his experiments (cf. Richards, 1928c). 
3 Cf. Richards (1932a) for measurements and references to the yeast literature. 
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(1930) states that the initial inoculation must be less than 7,000 per cc. 
because when a greater concentration is present the cells are saturated 
with their own radiation and insensitive to radiation from another 
source. The experiments herein reported had initial concentrations of 
about 1,200 cells per cubic centimeter. 

The observation of the mass of yeast in a hanging drop is not an 
accurate method, since the cells settle to the bottom of the drop and 
more cells are present below the center of the drop than at the sides. 
This error was very obvious in the older type, now generally abandoned, 
of hemocytometer made with a center disc surrounded by a circular 
moat. Even with the use of a planimeter as suggested by Borodin 
(1931) it is doubtful whether accurate determinations could be made, 
for the above error of curvature is not avoided and it is exceedingly 
difficult to estimate the number of cells present from small differences 
in the apparent optical density of the settled yeast. Counting the cells, 
the method used in our experiments, not only avoids these special diffi- 
culties but also makes possible the estimation of the variation of the 
measurements, which is important in establishing the accuracy of the 
method. This is especially important when the method is used to dem- 
onstrate a hitherto unknown phenomenon of nature. 


II 


In the first experiments reported here the yeast was grown in glass 
or quartz test tubes containing 1.5 to 2.0 cc. of sterile medium and the 
tubes arranged as shown in Figure 1. The tubes were immersed in a 
dish containing the bacterial suspension. Sufficient air was drawn 
through the suspension of bacteria to insure an adequate supply of 
oxygen. The glass tubes were of ordinary lime glass. The quartz 
tubes were known to transmit ultra-violet light of the wave length as- 
signed to the mitogenetic rays. . This volume of medium was desirable 
in order that the errors of sampling the yeast population for the counts 
should be reduced to a minimum. At each time recorded in the tables 
the cells were shaken to give a uniform suspension and then a small 
amount of the suspension was transferred to a hemocytometer and the 
number of cells present in 5 to 20 unit volumes of 1/250 cu. mm. was 
counted, using the technique developed by Richards (1928a, d, 1932a). 
The number of buds present was counted and at certain intervals the 
number of injured or dead cells was determined. No significant differ- 
ences in mortality were found between control and experimental cul- 
tures, and as the mortality during the period of logarithmic growth 
(rate of growth constant) used in these experiments is slight, this in- 
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formation is not reported here. The criterion of a bud was arbitrary 
in that all buds that were seen formed but not yet separated by a wall 
from the mother cell were counted. Since the senior author made all 
of the counts of the yeast, the figures are directly comparable. The 
bacterial suspensions were maintained in a nutrient medium in which 
they continued to grow over a period of at least eighteen hours. In the 
longer experiments the bacteria were changed at intervals to insure that 
a constantly fresh and actively growing suspension was present during 
the entire course of the experiment. The bacterial cultures were cared 
for by the junior author. The cultures were maintained in an incubator 
at 27.88+0.2° C. A special control for each experiment was accom- 
plished by having a glass and a quartz test tube (referred to in the tables 


Fic. 1. Arrangement of tubes for Series 109-113. 
Cotton plugs of tubes, yeast, and bacterial suspensions 
not shown. 
as G, and Q, respectively) at the same temperature as the other cultures 
but shielded by glass from the hypothetical source of the mitogenetic 
rays. 

Mitogenetic rays are supposedly effective in accelerating cell division 
for a distance of several centimeters. The tubes used in these experi- 
ments, about one centimeter in diameter, were small enough to insure 
exposure of all of the cells to any radiation produced by the several 
sources used. The growth of the yeast in the volumes used was more 
uniform than usually occurs on agar slants, which generally have been 
used in the experiments by other investigators. As will be shown later, 
the actual counts of the population density make certain that there has 
not been any small increase in the number of cells, that might be missed 
in counts of the percentage of buds in smears made from the growth on 
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an agar surface. This is important as these initial small differences 

would become more divergent as the logarithmic increase continued. 
The first two sets of experiments were made with William’s medium, 

a pure strain of Saccharomyces cerevisi@ Hansen as the detector, and a 


TABLE [| 
Percentage of Budding and “‘ Induction”’ 


PERCENTAGE OF BUDDING 


No bacteria 
atari, its teeta PERCENTAGE OF 
—_— a “INDUCTION” WITH 
BACTERIA 


Quartz} Glass} Quartz 
tube | tube tubes 


* 
a & | Beh) SB) e) & | & 
20 —16 |+18)+ 0)—26)— 4 
29 +19 | +45) —30}) —80) — 1 
25 — 2 |+25) —30) +25) —30 
21 +25 | +40) +53) +24) +35 
13 —10 |+ 8)/+ 8| —24| —24 


—16 | —11) —22| —11) —22 
—12 |+ 6)+ 3)—11|)—28 
—31 |—11)+ 7|—51)—44 
+ 0/+ 0/+19)—15)+ 0 
+13 |—11)— 4)+39) +50 


+ 0|+ 4;— 6)+25)+12 
—15 | +14) —11| —11| —30 
— 7|—26|+ 2)-—19 
— 8 — 4+ 8 +12 
+ 8|+ 3)—16| —20 


— 10) — 14) +40) +12 
+ 0}-— 8)+ 920 
— 4|—20) —10) —25 
—13\}+ 6)-— 8-1 





* Calculated from the average percentage of budding with the two quartz tube 
and the two glass tube populations. @Q,G; was calculated from the first quartz tube 


percentage and from the first glass tube percentage, etc., for all four combinations 
of the data. 


culture of luminous bacteria, from a single cell of Vibrio phosphorescens, 
for the generation of mitogenetic rays. The results are reported in 
Table I, Series 109 and 110. The percentage of induction, J, was cal- 
culated from the formula given by Gurwitsch (1925) : 

i 

G > 


[= 
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where Q is the percentage of budding in the quartz tubes and G the 
percentage of budding in the control or glass tubes. In the special con- 
trol of a glass and a quartz tube shielded from any rays an apparent 
positive induction occurred four times out of ten possibilities (Table I, 
columns Q, and G,), two of which were within the significant range, 
according to Gurwitsch (1925), of 30-120 per cent even though no 
bacteria were available to generate mitogenetic rays. The rest of the 
observations were negative or zero. When the percentages of the two 
quartz and two glass tubes placed in the bacterial suspension were 
averaged respectively and the averages used to calculate the induction 
(columns Q, Q., G, G,), only three positive cases in ten experiments 
were found, and in none of these was the induction great enough to be 
significant. 

It is further desirable to calculate the induction from the four com- 
binations of the percentages of the first glass control tube population 
(G,) and the first and second quartz (Q, and Q.) tubes separately and 
likewise with the second glass control tube (G,) and the two quartz 
tube percentages of budding. Examination of the results tabulated in 
the last four columns of Table I shows only 15 positive cases of the 
40 computed percentages and of these only 7 are of sufficient magnitude 
to be significant even though all had been exposed to an actively growing 
culture of bacteria which was present to generate mitogenetic radiation. 

Another species of yeast, Saccharomyces ellipsoideus, has been sug- 
gested as being possibly more sensitive to mitogenetic rays than S. cere- 
visi@, so we obtained a transfer of culture No. 4116 from the American 
Type Culture Collection and repeated the above experiment using this 
species. This time we used malt extract medium, which is a very suit- 
able culture fluid for this species, and the results of this experiment are 
given as Series 112 in Table I. Distinctly less induction was observed 
with a preponderance of negative cases. It is noteworthy that one sig- 
nificant positive case of 36 per cent was obtained in the special control 
without radiation, since this shows the amount of variation occurring 
with very carefully controlled conditions. 

The only explanation for these consistent negative results is the 
possibility that luminous bacteria, or at least the species here used, do 
not emit mitogenetic radiation. In order to show that this bacterium 
is not unique in this respect, the above experiments were repeated using 
Phytomonas tumefaciens (Am. Type Coll. No. 4452), as this species 
has been reported by other experimenters to be a good generator of 
mitogenetic rays. The observations are recorded in Table I as Series 
113 and only one significant positive case of induction was observed 
out of eight observations. 
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During most of the period of the experiments the growth of the 
yeast is logarithmic. Should there be any acceleration of the multipli- 
cation of the yeast due to stimulation by mitogenetic radiation, it should 
show not only as an increase in the rate of growth but also as an in- 
creased yield in the quartz tubes over that obtained in the glass tubes. 
A slight acceleration, possibly less than would be noticed in the per- 
centages of budding, would be distinctly noticeable by the end of the 
period of growth. To test this the ratios of the number of cells in the 
quartz tubes to the number in the glass tubes at the end of each series 
were calculated. For the control which was shielded from the bacteria 
the average of the ratios was 0.91, showing that there were slightly more 


Fic. 2. Arrangement for exposing tubes to radiation 
from onion roots. When in use, the beaker was partly 
filled with water to prevent drying of the onion roots. 


cells present in the glass than in the quartz tubes. The average of the 
same ratios for the tubes suspended in the bacterial culture was 0.99. 
Since twice as many counts were averaged than with the special control, 
more of the variation is cancelled, which accounts for the index being 
nearer unity. The maximum yield is less in the quartz tubes than in 
the glass tubes, which again fails to indicate any stimulation of budding 
attributable to a mitogenetic radiation. 

When the logarithm of the number of cells is plotted against time, 
the slope of the resulting curve is the relative rate of multiplication of 
the cells. This graph is linear during all of these experiments except 
the last observation of five cultures, because the seeding was from ac- 
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tively growing cultures. These curves were plotted for each tube of 
the four series and the slope of the curve measured with a tangentmeter 
(Richards and Roope, 1930). An index was obtained by dividing the 
tangent of the curve from a quartz tube by that from the corresponding 
glass tube. The average of these ratios for the control with no bacteria 


TaBie II 
Percentage of Budding and ‘‘ Induction"’ 


Dudes Budding Induction 


per cent per cent 
21 . —14 
23 —18 
27.5 — 2 
33.5 3 + 2 
—15 
— 8 


Summary 
5+ 31% 
11— 69% 


Ratios Quartz/Glass 


Growth rate i Detector | Generator 


S. ellip. | Onion 


was 0.97 and for the tubes in the bacterial suspension 0.86. This shows 
that the rate of growth was slightly greater for the yeast populations in 
glass tubes, which might be due to some material in the glass dissolving 
into the medium, which causes a very slight increase of growth. This 
could not be enough to impair the value of the glass as a control as the 
differences are but slightly more than the probable error of the differ- 
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ences, and the sign of the difference was not the same in the several 
experiments. This is not due to inhibition, because some of the experi- 
ments gave greater growth in quartz than in glass. These two addi- 
tional criteria also indicate that there is no influence passing through 
quartz but not through glass to stimulate the multiplication of yeast. 
Three series of experiments were made using onion roots as the 
generator of mitogenetic rays and using both species of yeast as de- 


NO. OF CELLS IN 1/250 CU. MM. 





HOURS 


Fic. 3. A. The growth curve of Series 117-119. B. Hypothetical growth 
curve that would be obtained with a 10 per cent stimulation of cell multiplication 
(cf. text). 


tectors. The arrangement of the experiments is shown in Figure 2. 
Since the yeast suspension in the tubes covered a considerable area, all 
of the roots were left on the onion and the positions of the tubes were 
reversed at each count to insure comparable conditions. The results 
are given in Table II. The negative cases again predominate and no 
essential differences are noted in the ratios of the rates of growth or in 
the yield between the experimental and the control cultures. 
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The actual counts of the growth of cells are given in Fig. 3, curve A. 
Each point is an average of several counts for a single tube. Because 
only one tube was used in each experiment, all of the variation is shown 
in the figure. The growth for the first twelve hours is logarithmic, but 
the final observation of both Series 117 and 118 was beyond the period 
of constant growth rate. The effects of a lag period are slight. Care- 
ful examination of the points shows no consistent change in the growth 
that can be interpreted as an acceleration or an acceleration followed by 
a retardation. The average growth of the onion roots in the moist at- 
mosphere during the experiments was 15 per cent. 

The concluding experiments were designed to test whether yeast 
would stimulate other yeast when the two populations were separated 
by quartz. The arrangement of the dishes is shown in Figure 4. Two 
cubic centimeters of the yeast suspension were used for both the gen- 
erator and detector populations. This amount filled the space in the 
lower container up to the quartz partition and is about the smallest 
amount that allows counts without considerable errors in sampling. 


Fic. 4. Cross-section showing arrangement of a 
quartz dish within a Petri dish. The detector yeast was 
placed at A and the generator yeast at B. 


The observations are given in Table III. Two duplicate experiments 
were made in each case. The induction percentages for the averages of 
both duplicates give an equal number of positive and negative cases in 
none of which are the differences great enough to be significant. When 
all combinations of the experiments are calculated, there is again an 
excess of negative cases. The average figures suggest that there may 
be some increased budding in the quartz dishes at two to four hours 
after seeding. These differences are not of sufficient magnitude to be 
significant and in the case of Series 119, the positive deviation is due 
to variation in only one of the two populations. 


Iil 


There is noticed a considerable variation between the different cul- 
tures even though conditions were made as nearly uniform as possible. 
The extent of this natural variation was measured in several cases, two 
of which are given in Table 1V showing the percentages of buds counted 
and the probable error of the percentages. This was obtained by keep- 





MITOGENETIC RAYS 123 


ing a separate record of the counts in each of the 20 unit volumes 
counted and the usual statistical formula applied. With divergent per- 
centages (Case 1) the induction varies from 2 per cent to 35 per cent 
for values within the range (mean + its probable error) wherein the 


TAaseE III 


Percentage of ‘‘ Induction" 


Percentage of 
ee J induction 
Series} Time} ay. Glass 


Av. Quartz 


117a 





Summary 

25+ 38% 
240 4% 

37— 58% 


Initial concentration of yeast (cells in 1/250 mm.®*) 


Generator Detector 


70.8 S. ellipsoideus 11.0 S. ellipsoideus 
47.1 S. cerevisiae 64 S. cerevisiae 
39.0 S. cerevisiae 5.1 S. ellipsoideus 


occurrence of another observation is expected to be equally probable. 
This result is important, as percentages of induction greater than 30 
per cent are significant according to Gurwitsch (1925). Where the 
values approach each other more closely (Case 2), the induction caleu- 
lated varies from — 2 per cent to + 33 per cent; or from a negative 
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result (less budding in quartz than in glass) to a significantly positive 
result. This clearly shows that the index of induction obtained from 
this formula is invalidated by the normal variation of the biological ma- 
terial and is, therefore, not a satisfactory criterion for establishing the 
existence of mitogenetic radiation. 

Gurwitsch (1931) has recently indicated that continued radiation 
may produce an inhibitory effect on cell multiplication. The above ex- 
periments do not support this hypothesis because in them the direction 
of variation is independent of time. Further, it would be improbable 
that the inhibition would be such as to give, in all cases, the same or 


Taste IV 


Effects of Variation on “‘ Induction”’ * 


PERCENTAGE OF BUDS COUNTED 
PERCENTAGE OF 
“INDUCTION' 
Quartz tubes Glass tubes 


30.5 + 2.1 26.0 + 1.8 
30.5 26.0 
30.5 + 2.1 = 32.6 26 —1.8 
30.5 — 2.1 = 28.4 26 +18 
32.6 27.8 
28.4 24.2 


35.9 + 2.4 31.5 + 2.7 

35.9 31.5 

38.3 28.8 +33 
33.5 34.2 — 2 
38.3 34.2 +12 
33.5 28.8 +16 


* In each case the mean and its probable error are given. The ‘‘induction”’ is 
calculated with the Gurwitsch formula (cf. text) from the mean values and for the 
combinations of the mean values both plus and minus the probable errors of the re- 
spective means. 


slightly less variation than the amount of control growth when the con- 
centrations of the generator and detector populations varied over the 
limits used in our experiments (cf. Table III). 

Baron (1930) reports mutuoinduction in yeast populations when he 
used hanging drops with different densities of cells and rounded up or 
spread out in form. He starts with cells having no buds and reports 
the percentage of cells which still have no buds at each observation. 
The difference in the percentages indicated increased budding when the 
cells were in close proximity, which increase passed through a maximum 
and then decreased. A few negative cases were found and explained 
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by having too densely seeded original populations. Baron attributes the 
shortening of the lag period to premature stimulation of budding by the 
radiation of the cells on themselves, or by the radiation of other cells, 
depending on the arrangement of the experiments. 

Three other explanations are possible besides the one that he gives. 
Eijkman (1912) has shown that the order of spore germination is 
logarithmic. ‘The recovery from previously unfavorable environmental 
conditions which stopped budding is also probably logarithmic, so that 
the numbers would pass through a maximum as the logarithmic order 
was decreased by the increasingly unfavorable conditions of the small, 
single drop environments. Another possibility is that the presence of 
more cells may reduce the lag period by some chemical effect of the 
aggregation, of the nature discussed by Allee (1930). This is less 
likely, since Peskett (1927) was unable to demonstrate any allelocata- 
lytic effects on the growth of yeast. Possible effects of a chemical con- 
ditioning of the medium should be tested for when large concentrations 
of cells are present, before a decreased lag period can be attributed to 
the effect of autoradiation. 

Baron did not report any counts of the cells present so a more com- 
plete analysis of this experiment is not possible, nor is it clear that he 
worked with homogeneous material derived from a single cell isolation. 
It is possible that his denser suspensions used up the food in the drops 
more rapidly and that and the resulting increase of toxic waste products 
brought about the diminution of budding which he observed. Slator 
(1921) has stated that a considerable concentration of cells will fail 
sometimes to come out of the lag period and increase their number. A 
combination of these effects could give Baron’s results, and it is be- 
lieved his observations can be accepted only when he measures the 
changes in the environments to demonstrate that the environmental 
changes have no effect that might be attributed to radiation, or better, 
maintains the environments effectively constant except for the radiation 
of the experimental cultures. The changes in the environment as cells 
grow when the medium is not renewed have been measured for larger 
environments, but not as yet for the smaller environments. When the 
environment is restricted to a single drop, these changes must regulate 
the growth of the yeast more effectively than with larger environments. 
It is probable that failure to avoid the effects of such changes accounts 
for the difficulties that have prevented direct comparison of experi- 
mental findings with hanging drop and agar block cultures. 

Clark (1922) varied the seeding from five cells to eight million cells 
per cubic centimeter with a strain of S. cerevisie different from that 
used in our experiments and found no significant differences in the rate 
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of growth of his populations that could be attributed to a mutuoinduction 
of the cells upon each other. Richards (1932a) found that the rate of 
growth, with the same strain of yeast, was the same when the initial 
seeding was varied from fifteen thousand to one and one-half million 
yeast cells per cubic centimeter of medium. 

Streline (1929) finds an initial stimulation of growth due to mito- 
genetic radiation which rapidly disappears. He emphasizes the need 
for counts of the number of cells present and for liquid culture medium. 
Streline uses Nadsonia fulvescens, which has a different form of bud- 
ding from the yeast reported in this paper, and in reporting his experi- 
ments counts two small buds as one cell. This prevents further analysis 
of his data, and without knowledge of the mortality of his cells it is not 
possible to analyze the interesting disappearance of the stimulation. 
He, too, reports some negative cases. 


IV 


When there is no killing of the cells in the population, any stimula- 
tion of cell proliferation would give greater differences between the size 
of the control and the experimental populations. For instance, had 
there been a 10 per cent increase of cells in the experiments reported in 
Fig. 3, curve A, during the first two hours that had continued, the in- 
crease that would have occurred is shown by the broken line, Fig. 3, 
curve B. Had there been an initial stimulation that had not continued, 
then the growth curve would have been a line above and parallel to the 
growth curve of the control. The figure demonstrates that no such 
stimulation occurred in our cultures. 

In our experiments the environment was maintained effectively 
constant, except for the possible radiation of the experimental cultures, 
and the actual variation in both the number of cells present and the 
number of buds and in the death rate was measured. From these data 
the rate of growth and the percentage of budding were calculated. 

These carefully controlled experiments, using S. cerevisie and ellip- 
soideus for detectors, and onion root, two species of bacteria—V. phos- 
phorescens and P. tumefaciens—and the two above-mentioned yeast as 
generators, show no stimulation of the multiplication of yeast by mito- 
genetic radiation that might pass through quartz but not through glass. 

It is not possible to compare our experiments closely with those ob- 
tained by other investigators because the latter have not given their com- 
plete data. Only when the complete evidence, as has been indicated in 
Sections I and III of this paper, is given together with a definite accel- 
eration of the multiplication of yeast by mitogenetic radiation, can a 
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theory of mitogenetic radiation be established. The formula for the 
percentage of induction proposed by Gurwitsch is inadequate and un- 
satisfactory because it too greatly exaggerates the normal variation of 
the growth of yeast.‘ 

SUMMARY 


Yeasts (Saccharomyces cerevisi@ and ellipsoideus) grown in a liquid 
medium which was maintained effectively constant in quartz and in glass 
containers, were exposed to supposedly potent sources of mitogenetic 
radiation: bacteria (Vibrio phosphorescens and Phytomonas tumefaci- 
ens), onion roots, and the two above-mentioned species of yeast. In 
58 per cent of the experiments, negative results were obtained, while in 
42 per cent there was a slight positive variation which did not exceed 
normal control variations. No effects of a mitogenetic radiation could 
be detected in the exposed yeast. In all cases the percentage range of 
variation of the experimental cultures was within the range of normal 
variation. 

It is further shown that the formula used by the Gurwitsch school in 
calculating the induction effect is unsatisfactory because it exaggerates 
the variations found in the normal cultures until they appear as induc- 
tion or inhibition effects. 

The necessity of an effectively constant environment which does not 
restrict the potentially unlimited growth of the yeast is stressed. A 
constant environment avoids the difficulties of measurement and evalua- 
tion of the unfavorable effects of changing environments in experiments 
designed to test the effect of mitogenetic radiation or other stimulants 
of yeast growth. 

Thus certain conditions and criteria are established which, it is be- 
lieved, the proponents of the theory of mitogenetic radiation cannot 
legitimately disregard in their attempt to establish the existence of such 
a radiation when yeast cultures are used as detectors. 
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RATE OF REGENERATION OF PARTLY HISTOLYZED 
ANURAN TAIL SKIN? 


H. J. CLAUSEN 


DEPARTMENT OF BroLocy, UNiversity CoLLece, New YorK UNIVERSITY 
INTRODUCTION 


Recent studies on anuran integument and muscle transplantations 
( Helff, 1926; Lindeman, 1929a; Helff and Clausen, 1929; and Clausen, 
1930) all suggest the probability that the causal histolytic influence of 
the various tissues of the tail may be due to specific substances in the 
blood stream or a general lowering of the pH of the blood during meta- 
morphosis. It has been suggested (Lindeman, 1929b) that this influ- 
ence is essential, not only as an initiatory agent, but must also be present 
continuously during tail resorption. This was demonstrated by the 
transplantation of histolyzing anuran tail-skin to normal individuals, 
resulting in the normal reconstitution of the graft in question. The 
various intermediate regenerative stages were not described, however. 
Part of the present paper is devoted, therefore, to a description of the 
normal histological regenerative processes, which occur in tail integu- 
ment following partial histolysis. 

In a previous paper (Clausen, 1930) a susceptibility gradient to 
histolysis was demonstrated for various regions of tail-skin. In this 
connection it was clearly shown that integument derived from anterior 
regions of the tail undergoes a more rapid rate of histolysis than is true 
of integument derived irom more posterior regions. It was, conse- 
quently, thought of interest to determine whether or not any differences 
existed between the rates of regeneration of tail-skin derived from vari- 
ous anterior-posterior levels of the tail. Work on amphibian tail re- 
generation by several investigators seems to have given rise to rather 
diverse results and interpretations. Morgan (1906), working with the 
salamander Diemyctylus viridescens, and Ellis (1908, 1909), on the 
anuran Rana clamitans, seem to agree in a general way that the rate of 
regeneration of new portions of the tail is directly proportional to the 
distance the tail is cut off from the tip. In other words, the more distal 
the cut, the slower the regeneration. Conversely, Comes (1928), work- 
ing with the anuran Discoglossus pictus, states that regeneration of the 

1This paper, together with Parts I and II of this series of studies, was sub- 
mitted to the Graduate School of New York University in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy, April 1, 1932. 
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tail fin diminishes anteriorly and with the age of the animal. Speidel 
(1929), however, using several types of anurans and salamanders, re- 
ports no differences in the rate of resorptive or regenerative processes 
of the tail fin at anterior, middle, or posterior levels following thyroid 
treatment. Since the investigations of Morgan and Ellis on tail regen- 
eration concern regeneration of all tissues of the tail, and the work of 
Comes and Speidel concerns the rate of tail fin regeneration in situ, it 
seemed of interest to the writer to inquire into the possible regenerative 
rate differences of only one type of tail tissue as might be demonstrated 
by transplantation to foreign regions. By so doing, it was thought 
possible to demonstrate whether a difference in regenerative rate was 
due to the association of the tissue with a definite level of the tail and 
adjacent tissues or whether the particular tissue in question possesses a 
specific rate of ‘regeneration typical of integument of that region. As 
far as the writer is aware, the present paper constitutes the first attempt 
to explain the above points, especially as regards the rate of regenera- 
tion of histolyzing tail-skin taken from various levels of the tail. 

The general methods of attack which were followed in the present 
investigation were briefly as follows: The integument from four levels 
(anterior-posterior) of the tail of normal larve was transplanted, auto- 
plastically, to the back. Following this procedure, artificial metamor- 
phosis was induced and the engrafted integument removed at certain 
stages of histolysis and transplanted, homeoplastically, to the back or 
tail of normal individuals. Subsequent macroscopic and microscopic 
observations were made of the various transplants at certain definite 
intervals as regeneration progressed. The following series of trans- 
plantations, which will be described in detail in the respective sections, 
were performed : 

Series 1. Autoplastic skin transplantations from four regions of 
the tail to the back. (One hundred and twenty cases of four trans- 
plants each. ) 

Series 2. Skin transplants (previously transplanted in Series 1 
and in various stages of histolysis) transplanted homeoplastically to 
the tail or back. (Two hundred and twenty-five cases of two trans- 
plants each.) 

Series 3. Homeoplastic skin transplantations of four regions of 
the tail of normal larve to the tail or back of normal larve. (Thirty- 
two cases, control series. ) 

This investigation was undertaken at the suggestion of Dr. O. M. 
Helff, to whom the writer wishes to express his appreciation for his 
helpful suggestions, kindly advice, and criticism during the course of the 
work. 
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MATERIAL AND METHODS 


The stock used for all operations was Rana pipiens larve obtained 
from ponds in the vicinity of Cold Spring Harbor, Long Island, during 
the months of June and July, 1931. The animals were taken to the 
laboratory and placed in a large tank supplied with fresh running water. 
It was found advisable to let the stock remain in the large tank from 
four to five days under laboratory conditions before selecting individuals 
to be used for experimental purposes. By doing this, only those indi- 
viduals which survived the new environmental conditions would be se- 
lected. These animals ranged from 70 to 90 mm. in body length with 
hind limbs between 3 and 12 mm. in length. All experimental indi- 
viduals were normal larve in all respects and remained as such until 
induction of artificial metamorphosis following the autoplastic opera- 
tions. All operated animals were kept in individual aquaria and main- 
tained under constant laboratory conditions. 

With the exception of a small number, it was found necessary to 
anzsthetize all animals used for transplantation purposes. The animals 
were anesthetized in a 0.05 per cent aqueous solution of chloretone for 


five to ten minutes, depending on individual differences and the tempera- 
ture of the solution. These anesthetized animals remained inactive 
sufficiently long to carry out operative procedures and insure adhesion 
of the transplants and their cut edges. 

In the first series of experiments, autoplastic transplantations were 
made consisting of the removal of tdil-skin from regions 1 and 3 or 
from regions 2 and 4 (text figure A). These portions of integument 
were then carefully shaped into rectangles measuring approximately 
four millimeters in width and seven millimeters in length. Two similar- 
sized and -shaped rectangular portions of integument from the medial 
region of the back were next removed and the tail-skin transplants from 
regions 1 and 3 or 2 and 4 were then transplanted to the denuded areas 
of the back. As regards the orientation of the grafts, the linear se- 
quence of transplants number 1 and 3 or 2 and 4 were alternated in 50 
per cent of the cases. In other words, graft number 1 or 2 was grafted 
to the more anterior wound area, leaving graft number 3 or 4 to be trans- 
planted to the remaining posterior wound area; while in other cases 
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graft number 3 or 4 was placed more anteriorly. After the above trans- 
plantations were made, the animal was placed in a Petri dish containing 
a small amount of water. This procedure allowed the grafted areas 
to be exposed to the air and hastened the adherence of the cut edges. 
Following this, the animals were placed in individual aquaria containing 
water which was kept at a temperature ranging from 18° to 20° C. 
After five days, the time allowed for sufficient healing of the graft to 
take place, precocious metamorphosis was induced by the feeding of 
desiccated thyroid. 

During larval transformation, daily macroscopical observations were 
made of the above individual transplants to note the reduction in area 
of the grafts. When the grafted integument had been reduced in area 
approximately eighteen per cent, a number of grafts originally derived 
from tail regions 1, 2, 3, and 4 were removed and transplanted, homeo- 
plastically, to normal larve. The same procedure was carried out for 
a like number of grafts when the reduction in area had reached approx- 
imately 50 and 80 per cent. In making the homeoplastic transplanta- 
tions, the histolyzing graft was removed and placed on previously de- 
nuded areas of the back or lateral regions of the tail of normal larve. 
Following these transplantations, the normal larve were again placed in 
individual aquaria and kept as such under constant laboratory conditions. 
At intervals of 8, 11, 14, 17, 20, 23, and 26 days, following the homeo- 
plastic operations, representative individuals possessing the transplanted 
integument of each of the four tail regions which had previously been 
reduced in area by 18, 50, or 80 per cent, were removed from their indi- 
vidual aquaria and preserved in toto in Bouin’s Picro-Formol fluid for 
subsequent sectioning and histological study of the grafts. 

A second series of homeoplastic transplantations was also made. 
The technique consisted of removing rectangular portions of tail-skin 
from regions 1, 2, 3, and 4 of normal larve. These normal skin trans- 
plants were then placed on denuded areas of the back or tail of other 
normal larve. Individuals of this series were also preserved for histo- 
logical study of the transplants at 8, 11, 14, 17, 20, 23, and 26-day inter- 
vals following transplantation. This series was designed as a control 
to make certain that histolysis does not occur in larval skin following 
homeoplastic transplantation to normal larve. 


RESULTS 


The Process of Degeneration and Regeneration in Tail Integument 


1. The normal integument.—The normal tail integument in the par- 
ticular species studied (Rana pipiens) presents a macroscopical picture 
differing in appearance from integument of body regions. It appears 
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much more translucent and is also decidedly more delicate in texture, 
being injured and torn more readily than integument of the side or back. 
It is also attached more rigidly to the underlying musculature as com- 
pared with back-skin. The pigmented areas are regularly distributed 
over the entire tail region and appear to be less intense in depth of shade 
as compared with similar areas of the back. 

As to histological structure, tail-skin is composed of an epidermis, 
a corium, and a layer of subcutaneous connective tissue. The epidermis 
is composed of several layers of cells, the outermost of which consists 
of a single layer of small, flattened cells forming the cuticle. The more 
basal cells of the epidermis are for the most part cuboidal in shape with 
round or oval-shaped nuclei. The epidermal cells basal to the cuticle 
are usually arranged into two or three irregular layers. The corium, 
which is separable into two definite layers in most regions of the body, 
differs markedly in this respect in tail integument. The outer, com- 
paratively loose layer (stratum spongiosum), so typical of side and back 
integument, is almost obliterated in tail integument. This layer is repre- 
sented, however, by a thin layer of pigment cells lying directly beneath 
the epidermis. The lower layer of the corium (stratum compactum) is 
composed of dense connective tissue, the fibers running in a wave-like 
course parallel to the surface. The characteristic much convoluted ap- 
pearance, typical of this layer in body regions, is absent in tail integu- 
ment. This layer is, moreover, much thinner as compared with the 
condition found in back integument. These corionic modifications, 
typical of tail-skin, are responsible for the latter’s relative thinness and 
more delicate structure as compared with integument of body regions. 
The subcutaneous connective tissue forms a loose layer underneath the 
stratum compactum. This layer is quite vascular, containing large 
numbers of blood cells, chiefly lymphocytes. It is also considerably 
thinner than the subcutaneous connective tissue layer beneath back 
integument. 

2. The degenerative process ——The same histolytic characteristics are 
exhibited for all four anterior-posterior transplants of tail integument 
when the degree of resorption, as measured by reduction in surface area, 
is the same. Thereiore, in the explanations to follow, the process of 
degeneration will be described only as observed in tail-skin from region 
number 1 (text figure 4). When the transplant had been reduced in 
surface area 18 per cent, no apparent macroscopical differences as 
compared to normal integument of the tail could be noted. The pig- 
mentation remained normal throughout this period of resorption (Fig. 
3). However, when the transplants had been reduced 50 and 80 per 
cent, respectively, a decided change in depth of shade could be noted. 
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In other words, the greater the degree of histological disintegration, the 
darker in color the transplant became (Figs. 1 and 2). This increase 
in depth of coloration proceeded from the margins of the transplant 
toward the center as histolysis progressed. 

In examining histological sections of the tail-skin transplants at 
various stages of area reduction, the first signs of histolysis are con- 
cerned with the structure of the stratum compactum. When the trans- 
plant had been reduced in surface area 18 per cent, the stratum com- 
pactum had lost its wavy appearance; the fibers becoming more or less 
dissociated so that a very disorganized picture is presented (Fig. 5). 
With this dissociation, lymphocytes make their appearance, apparently 
migrating from the subcutaneous tissue into the compactum layer. 
These lymphocytes are particularly abundant at the edges of the trans- 
plant, where fusion has occurred with the surrounding integument of 
the back. At this stage of transformation the epidermis appears to be 
thickening, especially near the central region of the graft. 

When the engrafted integument had undergone resorptive changes 
amounting to 50 per cent of its original surface area, the stratum com- 
pactum was entirely obliterated leaving only scattered pigment cells, 
lymphocytes, subcutaneous connective tissue, and the epidermal layers. 
An interesting histological feature of the graft in this stage of histolysis 
is the increased thickness of the epidermal portion, which appears to be 
several layers thicker at this time (Fig. 6). The basal layer of this 


PLATE I 
Explanation of Figures 


Fics. 1-5. BI, adjacent back integument; P, pigment masses; 7.ST7, tail-skin 
transplant; E, epidermis; SS, stratum spongiosum; SC, stratum compactum; CT, 
subcutaneous connective tissue; L, lymphocytes; TT, boundaries of transplant; 
BV, blood vessel. 

Fic. 1. Macroscopic appearance of tail-skin graft histolyzed 50 per cent its 
original surface area. 

Fic. 2. Macroscopic appearance of tail-skin transplant histolyzed 80 per cent 
its original surface area. 

Fic. 3. Macroscopical picture of normal tail-skin transplant as it appears five 
days following autoplastic transplantation. 

Fic. 4. Histological section through autoplastic tail-skin transplant and ad- 
jacent back-skin at a time when the graft had histolyzed 80 per cent (surface area 
reduction). The stratum compactum is obliterated. The epidermal layer is be- 
ginning to dissociate and lymphocytes are migrating into this particular region. 
There is also a slight condensation of pigment cells basal to the epidermal portion 
of the transplant. 

Fic. 5. Histological section through autoplastic tail-skin graft and adjacent 
back integument when the transplant had histolyzed 18 per cent. The stratum 
compactum has lost its wavy appearance and is becoming more or less dissociated. 
Subsequent -lymphocytic invasion is shown following this dissociation. The epi- 
dermal portion of the graft appears normal at this time. 
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thickened epidermis contains cells which have hypertrophied and as- 
sumed a more columnar shape. In sections of tail-skin grafts, where 
the original surface area had been reduced approximately 80 per cent 
(Fig. 4), the previously thickened epidermis, as illustrated in Figure 6, 
is now very much thinner. Sections show a separation and basal mi- 
gration of groups of these epidermal cells. With this epidermal dis- 
similation there is a gradual invasion inward of all layers of the sur- 
rounding back integument. This invasion probably places the graft 
under a certain degree of peripheral pressure. The lymphocytic cells 
are now found scattered throughout all the various layers of the graft, 
including the epidermis. The cuticle is still intact at this stage and ap- 
parently is the last layer to exhibit a histolytic change. 

The above histological and macroscopical findings show that the 
integumentary grafts exhibit histolytic processes which are identical 
with those typical of histolyzing tail integument, in situ, during normal 
metamorphic tail atrophy. In this connection, it may be stated that a 
more complete study of the histological processes which take place dur- 
ing histolysis was not attempted; only those sections taken at definite 
periods, when surface area had been reduced 18, 50, and 80 per cent, 
having been studied. It may be stated here, however, that the micro- 
scopical pictures of tail-skin histolysis as thus observed compare favor- 
ably with those of Helff (1926) and of Lindeman (1929a). 


PLATE II 


Explanation of Figures 


Fics. 6-10. Histological sections through back integument including homeo- 
plastic tail-skin transplants originally derived from the most anterior regions of the 
tail. The sketches illustrate successive steps in the histological regeneration of the 
transplants which had previously undergone partial histolysis following autoplastic 
transplantation. E, epidermis; SS, stratum spongiosum; SC, stratum compactum ; 
CT, subcutaneous connective tissue; P, pigment masses; 77, boundaries of the 
transplant; L, lymphocytes; BV, blood vessel. 

Fic. 6. Section through autoplastic tail-skin graft and adjacent back integu- 
ment showing condition of transplant when histolyzed 50 per cent (surface area 
reduction). The stratum compactum is nearly obliterated. The epidermis is in- 
creased in thickness with its more basal cells somewhat hypertrophied. 

Fic. 7. Eight days following homeoplastic transplantation. The first signs of 
regeneration as shown by a condensation of the epidermis. 

Fic. 8. Eleven days following homeoplastic transplantation. Basal cells of 
the epidermis breaking off and separating from the main portion of that layer. 

Fic. 9. Fourteen days following homeoplastic transplantation. Epidermis 
still dissociating in the basal layers. Evidence of a stratum compactum layer, its 
fibers being more or less loosely associated. 

Fic. 10. Seventeen days following homeoplastic transplantation. Histologi- 
cally, the transplant appears as normal tail integument. 
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3. The regenerative process—Tail-skin transplants reduced in sur- 
face area 50 per cent were used as typical forms in the following de- 
scription of the regeneration of histolyzing tail-skin. The histological 
pictures (Figs. 6-10) illustrate the process of regeneration from the 
time of transplantation (homeoplastic) of the histolyzing graft to nor- 
mal larve, to the time when the graft in question had again assumed a 
normal histological picture. Sections showing the intermediate periods 
were taken at three-day intervals following the five-day period allowed 
for healing of the homeoplastic transplants. 

In macroscopical appearance (Fig. 1) the graft, prior to the homeo- 
plastic transplantation, appears much darker in color than the normal 
integument of the tail region from which it was originally derived. 
This darkened coloration is especially noted as being more intense near 
the margins of the graft. The depth of coloration remained as such for 
approximately eight days following homeoplastic transplantation. From 
this time on the transplant began to assume a lighter color; the margins 
of the graft, however, always appearing darker as compared with the 
more central regions. Normal coloration of the integumentary trans- 
plant, however, was not attained until approximately fourteen days 
following the homeoplastic transplantation. 

Several transplants from tail region 1 were sectioned at the time 
homeoplastic transplantations were usually made. Sections were also 
made of transplants after 8, 11, 14, 17, 20, 23, and 26 days following 
homeoplastic transplantation to normal larve. Histological examina- 
tions show that subsequent changes in the grafts are concerned with 
the building up of previously partially disintegrated structures to the 
condition typical of normal tail integument (Figs. 6-10). During this 
process the more internal or basal cells of the epidermis are either re- 
duced in size or replaced by smaller cells during the early stages of 
regeneration. This process is later followed by a gradual dissimilation 
or breaking down of the basal layers of the epidermis, so that at approx- 
imately seventeen days following homeoplastic transplantation the re- 
sulting epidermis appears normal again. (See Fig. 10.) The stratum 
compactum shows no evidence of returning to normal until about the 
eleventh to fourteenth day. On the fourteenth day (Fig. 9) the fibers 
appear to be more or less condensed and are grouped into bundles. 
These loosely associated fibrous bundles contain a number of scattered 
epidermal cells in and around them. Subsequent observations made 
three days later (Fig. 10) show that the stratum compactum has as- 
sumed a wavy appearance and appears as a typical normal layer. Al- 
though the stratum compactum is only about one-third as thick as the 
corresponding layer in the surrounding back integument, the two unite 
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and form a perfect union. Usually a decrease in number of lympho- 
cytes in the immediate region of the regenerating tissue can be noted. 
Finally, the integument at the end of 17 days appears to be normal as 
regards all histological features. However, while emphasizing the re- 
turn to normal of the transplant as regards histological structure, it must 
be stated that the surface area remains the same throughout the entire 
process of regeneration. Thus the completely regenerated transplant in 
question is only approximately 50 per cent as large in actual surface area 
as the original autoplastic graft. 

A comparison was also made of the process of regeneration in in- 
tegument derived from tail region 1, as described above (50 per cent 
reduction), to similar transplants in which 18 per cent and 80 per cent 
reduction had occurred. In the transplants which had reduced but 18 
per cent in area, the typical normal histological structure was observed 
in from 11 to 14 days, whereas in the case of grafts reduced 80 per 
cent in area, approximately twenty days were necessary for normal 
reconstitution to take place. This indicates, clearly, that the greater 
the degree of histolysis as based on surface area reduction, the longer 
the time necessary for complete histological regeneration. 


Comparative Regenerative Rate of Integument from Four Tail Regions 


In determining whether or not a susceptibility gradient to regenera- 
tion existed, it was necessary to make initial daily observations on the 
progress of histolysis of specific regional transplants, as well as subse- 
quent histological examinations concerning the progress of regeneration. 
In these preliminary observations on tail-skin degeneration, the author 
was able to confirm previous work (Clausen, 1930) concerning an 
anterior-posterior gradient of susceptibility to histolysis. The earlier 
results were confirmed in that a regressive change in histolytic rate of 
tail integument from the most anterior region to the most posterior 
region of the tail was found to occur. 

Daily macroscopical observations of the transplants from the four 
anterior-posterior regions of the tail revealed a decided difference in 
coloration during regeneration. It was noted that when graft number 1 
had resumed its characteristic normal pigmentation at the end of 14 
days following homeoplastic transplantation, graft number 4 remained 
apparently unchanged as regards coloration. Upon sectioning the trans- 
plants from regions 1 and 4, as well as those from the intermediate 
regions 2 and 3, a decided regional difference in the time taken for the 
grafts to complete the process of histological regeneration was noted 
(Table I). Table I presents the essential data obtained by the section- 
ing and making of a histological study of tail-skin transplants following 
their second or homeoplastic transplantation. However, it should be 
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noted that this table illustrates only differences in regeneration rate 
based on complete histological reconstitution of the transplants. Other 
histological examunations made at successive three-day intervals follow- 
ing homeoplastic transplantation show approximately the same variation 
in regenerative rate between transplants originally derived from the 


Taste | 
Regeneration of Tail-skin Transplants * 


Time taken foe return of normal 

. . histolytic picture 

Regional Reduction —e 
Source * in Area Tf 


Case (1) Case (2) Case (3) 





* Anterior-posterior level of tail from which transplant was originally obtained. 

+ Stage of histolysis (as determined by area reduction) at which second (homeo- 
plastic) transplantation was made. 

2To obtain sections of three transplants each from the four tail regions in 
three stages of histolysis which ultimately showed complete histological regenera- 
tion, it was necessary to section approximately one hundred and eighty transplants. 


four tail regions. In other words, there is found to be a difference in 
regenerative rate between transplants 1, 2, 3, and 4 for the attainment 
of any of the various stages of regeneration. This gradient in regen- 
erative rate was found to hold true regardless of whether the partially 
histolyzed transplants were placed on the back or tail regions of the host 
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animals. In other words, the particular transplantation site of any one 
transplant was of no consequence to the rate of regeneration occurring. 
The difference in regenerative rate for complete reconstitution between 
transplants 1 and 4 was approximately five days; transplants 2 and 3, 
as compared with transplant 1, being intermediate in this respect. 
Similar observations on a group of individuals used as controls, 
where normal integument of the four tail regions was transplanted 
homeoplastically to the tail or back of normal larve, were also made. 
The results obtained from this series of experiments serve to indicate, 
clearly, that the transplantation procedure itself does not influence the 
histolysis or regeneration of the integument, either as regards the histo- 
logical processes involved or the rate of regeneration which occurs. 


DiscussION 


Histological studies made from sections of histolyzing tail integu- 
ment as described in the present paper tend to show that different integu- 
mentary layers do not histolyze at the same rate. In other words, if 
the causal histolytic influence is the same throughout all regions of the 
transplant, it is evident that various layers of the integument differ as 
regards their susceptibility to histolysis. It may also be stated here 
that evidences of greater resorption of peripheral regions of the trans- 
plant as compared with more central areas is probably due to the fact 
that lymphocytes appear to be more numerous in the former regions and 
hence the histolyzed cellular elements are more quickly removed at 
such points. 

In considering the coloration of transplants at various stages of 
histolysis, it may be concluded that changes in coloration are probably 
due to analogous changes in distribution of the underlying pigment cells. 
In this respect it may be stated that the number of pigment cells per 
any given area is always greater in histolyzing integument as compared 
with normal skin of the same region. It is also quite probable that vari- 
able changes in thickness of the epidermal portion of the graft during 
histolysis may be concerned with external changes in coloration. Since 
a considerable portion of the pigment material lies basal to the epidermal 
layer, any change in thickness of the latter results in a displacement of 
the former in respect to its distance from the cuticular surface of the 
integument. Consequently, the thinner the epidermal portion, as illus- 
trated by degree of histolysis (Fig. 4), the nearer to the surface the 
pigment cells become arranged; and hence the greater the intensity of 
integumentary coloration, viewed externally. Conversely, in the 50 
per cent reduction stage (Fig. 6) a less intense coloration is typical of 
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the more central portions of the graft. This condition is no doubt due 
to the fact that the greatly thickened epidermis forces the pigment layer 
an abnormal distance down and away from the surface of the integu- 
ment. 

The results of the present work indicate that there is an inherent 
difference in regenerative rate between integuments of different levels 
of the tail. Moreover, these results serve to emphasize that the rate of 
regeneration progressively increases from the posterior to the more 
anterior regions of the tail. Histologically, tail integument from vari- 
ous anterior-posterior tail regions appears to exhibit similar structural 
characteristics. On this basis, any morphological explanation for dif- 
ferences in regenerative rate can hardly be justified. It seems logical 
to assume, therefore, that the basis for such differences in regenerative 
rate must be a physiological one. 

It is of interest to inquire at this time what factors operate to inhibit 
further histolysis of the homeoplastic transplants and thus permit re- 
generation to proceed. The results of the present and of previous work 
clearly indicate that histolysis is initiated by factors present in the blood 
stream only during larval metamorphosis. Assuming that regenerative 
tendencies are inherently present in the integument, we must then con- 
clude that the histolytic effects are so powerful that any tendency to- 
wards regeneration is soon overcome and histolysis normally proceeds 
until the integument in question is completely destroyed. Upon trans- 
plantation, however, to a normal non-metamorphosing larva in which no 
histolytic blood factors are present, the integumentary transplant ceases 
to histolyze further. Concurrently, the inherent regenerative tendencies 
are no longer suppressed and the various histological elements are there- 
fore capable of being regenerated. 

The results of the present investigation seem to compare favorably 
with the earlier work of Morgan (1906) and Ellis (1908) in that the 
rate of regeneration increases from the distal to the more proximal re- 
gions of the tail. The results of Speidel (1929), however, indicate no 
change in regenerative rate of tail fin at various anterior-posterior levels. 
However, since it has been shown in the present paper that the regen- 
erative rate differences between transplanted integument from various 
tail levels are not great and also since the work of Speidel concerned the 
regeneration of tail fin tissue in situ, it can readily be understood how 
the relatively small rate differences may have been masked by other 
physiological factors typical of the various tissues of the tail. The 
results of investigations by Comes (1928), which also possibly differ 
from the results as cited in this paper, may also be explained by the 
fact that his observations were concerned with regeneration of normal 
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tail fin tissue im situ. Furthermore, it may be well to state here that 
Speidel and Comes were both primarily concerned with linear growth 
of the tissue or tissues in question. Therefore, since the results as 
presented in the present paper are concerned chiefly with regeneration 
of partially histolyzed tissue and deal mainly with histological regenera- 
tion, a direct comparison with that of the earlier work can hardly be 
made. 

The present work finally suggests the possibility that the underlying 
musculature of various tail regions may also exhibit differences in re- 
generative rate following partial histolysis. It is also of interest to 
inquire as to the possible physiological factors associated with such 
differences in regenerative rate. The difference in regenerative poten- 
tialities of integument at various levels is either an inherent quality 
present during early embryonic formation or one acquired during some 
stage of early larval growth. Work designed to adequately explain 
the above points is being carried on in this laboratory at the present 
time. 

SUMMARY AND CONCLUSIONS 


1. Uniform-sized tail-skin grafts were secured from extreme ante- 
rior and posterior regions and from two intermediate areas and trans- 
planted, autoplastically, to the backs of Rana pipiens larve. Artificial 
metamorphosis was induced and the engrafted integument removed at 
certain stages of histolysis and transplanted, homeoplastically, to the 
back or tail of normal larva. Following homeoplastic transplantations, 
anterior grafts invariably regenerated, histologically, with greater rapid- 
ity as compared with posterior integumentary grafts. Intermediate tail- 
skin grafts regenerated at proportionate rates. 

2. Control homeoplastic transplantations of skin from four regions 
of the tail, when grafted to the tail or back of normal larve, clearly 
indicated that histolysis does not occur in larval tail-skin following 
transplantation to normal individuals. 

3. Histologically, the process of degeneration illustrates a definite, 
orderly sequence. Dissociation of various layers begins prior to the 
appearance of lymphocytes in the histolyzing area. Lymphocytes prob- 
ably function chiefly as phagocytes. 

4. The regenerative process is first evidenced, histologically, in the 
epidermal layers of the graft. The stratum compactum is shown to be 
the last layer of integument to completely regenerate. 

5. It is concluded that an anterior-posterior gradient in regenerative 
rate is true for tail integument following partial histolysis. Apparently, 
differences in regenerative rate of integument at different levels of the 
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tail are inherent qualities. Possible physiological factors associated with 
such differences, however, are still undetermined. 
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THE POLARITY OF THE EGG OF URECHIS CAUPO 


ALBERT TYLER 


(From the William G. Kerckhoff Laboratories of the Biological Sciences, Cali- 
fornia Institute of Technology, Pasadena, and the William G. Kerckhoff 
Marine Laboratory, Corona del Mar, California) 


It has been previously noted (Tyler, 1931) that the indentation of 
the unfertilized egg of Urechis marks the pole. This conclusion was 
based on observations of a small number of eggs in which the relation 
of the point of extrusion of the polar bodies to the indentation was fol- 
lowed. More recently Taylor (1931) reported some observations, made 
by Miss Vesta Holt on a slightly larger number of eggs, the results of 
which show no relation between the indentation and the point of extru- 
sion of the polar bodies. This question has therefore been re-investi- 
gated on a larger scale. 

The method of making such observations and the precautions to be 
taken have been previously described (Morgan and Tyler, 1930; Tyler, 
1931). It consists of mounting a drop of eggs in sea water on a slide 
within a square of vaseline. The vaseline serves to support the cover- 
slip at a much greater distance above the slide than the diameter of the 
egg. It also serves to seal the preparation and thus prevent evaporation 
of the sea water from the drop. The drop makes contact with both the 
slide and the cover-slip but can be adjusted so as not to touch the vase- 
line. This last precaution, however, was probably unnecessary since 
the vaseline used was found to be non-toxic to the eggs. The eggs were 
fertilized in a dish and a sample transferred after one minute or less to 
the vaseline slide. They stay in position quite well on the vaseline slide, 
and the extra spermatozoa on the surface serve as markers by means of 
which any rotation of the egg can be detected. The eggs develop on the 
vaseline-slide into perfectly normal swimming larve of two or more 
days of age. 

The indentation of the unfertilized Urechis egg is a concavity sim- 
ilar to that which would be produced by pushing in the surface of a 
rubber ball at one point to about forty-five per cent of the original di- 
ameter. The indentation disappears after fertilization, and, as has been 
elsewhere described (Tyler, 1932), the Urechis egg exhibits three types 
of behavior in regard to its rounding out. The egg may round out 
initially in three minutes after fertilization, become indented again at 
six minutes, and round out finally at ten minutes; or the indentation 
may not entirely disappear the first time; or the indentation may dis- 
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appear at three minutes and not reappear again. The eggs followed in 
the observations reported here were mainly of the first and third types. 
Eggs from freshly collected animals appear to be generally of the last 
type. 

A total of 590 eggs were followed in the observations reported here. 
The results again show that the indentation marks the pole of the egg 
for the type that rounds out at three minutes and does not dent in again. 
For the type in which the indentation reappears this second indentation 
sometimes does not come back in the same place, but the point of extru- 
sion of the polar bodies is almost invariably determined by the position 
of the second indentation. 

Often eggs are obtained that have two indentations. The point of 
extrusion of the polar bodies usually coincides with one of the indenta- 
tions. Such eggs generally lie with one of the indentations down so 
that they might be mistaken for eggs with only one indentation. This 
complication entered into some of the observations, as is evident from 
the results given in Table I. 

TABLE I 


Relation between Indentation and Point of Extrusion of Polar Bodies 


Series A = isolated eggs with only one indentation. 
Series B = random sample of eggs. 
Divergence Series A Series B 
0°-10° 92 72 
10°-60° 12 20 
60°—-180° 10 35 


In Table I are given the results of observations on freshly removed 
eggs from freshly collected animals. The eggs of Series A were all 
isolated and examined individually before being used in order to make 
sure that they had only one indentation. The results show 81 per cent 
of almost exact coincidence between the innermost central point of the 
indentation and the point of extrusion of the polar bodies; 11 per cent 
were close (10° to 60° divergence) ; and 8 per cent were 60° to 180° 
off. For the eggs of Series B no special precautions were taken to 
insure their possessing only one indentation, although they were obtained 
from batches of eggs most of which showed only one indentation. Out 
of 127 eggs in this series 35 were 60° to 180° off. But of these 35 eggs 
the position of the polar bodies was found to be below the egg. This 
result when compared with that of Series A may then be taken to mean 
that where coincidence was not obtained the unfertilized egg possessed 
another indentation lying below the egg and thus not visible. There is 
also the possibility as indicated below that in these cases the indentation 
reappeared in a different position, namely, on the underside of the egg, 
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but this is not likely since their sister eggs did not exhibit the reappear- 
ance of the indentation. 

In Table II are given the results obtained on the type of egg in 
which a second indentation appears at six minutes after fertilization 
and then disappears at ten minutes. The point of extrusion of the 
polar bodies diverges by 60° to 180° from the central point of the first 
indentation in 41 per cent of the cases (117 eggs). But in 98 of these 
eggs the position of the second indentation was also noted and its central 
point was found to coincide with the point of extrusion of the polar 
bodies in 82 of the cases. Of the 130 cases of coincidence between the 
first indentation and the point of polar body extrusion, the position of 
the second indentation was noted in 87 cases and found to be identical 
with the first in 84 of them. In addition there were 66 eggs in which 
only the position of the second indentation was noted. The last column 
in Table II gives the results of all the observations in which the relation 
of the second indentation to the pole was noted. Here there are only 
12 per cent of cases in which the divergence is very large. 


TABLe II 


Relation between indentation and point of extrusion of polar bodies. Eggs in which 
a second indentation appears. 


Divergence First Indentation Second Indentation 
0°-10° 130 210 

10°-60° 36 12 

60°-180° 117 29 


It appears then that for this type of egg the position of the second 
indentation is a much better index of the pole of the egg than the first. 
This is particularly obvious in those cases in which the position of both 
indentations was observed—where the position of the polar bodies co- 
incided with that of the first indentation it almost invariably coincided 
with the second, and where it did not coincide with the first indentation 
it coincided with the second in the great majority of the cases. How- 
ever, even in the case of the first indentation there are 46 per cent of 
cases of coincidence (0° to 10° divergence), whereas a random distribu- 
tion of the polar bodies with respect to this indentation would probably 
not give better than 8 per cent coincidence. 

The main question involved in this work is whether or not the polar- 
ity of the Urechis egg is determined before fertilization, as appears to 
be the case for most animal eggs. For the type first discussed the re- 
sults clearly show that polarity is already established in the unfertilized 
egg, and the pole is marked by the position of the indentation. For the 





148 ALBERT TYLER 


type in which a second indentation appears after fertilization there is 
no reason to doubt that polarity is established before fertilization al- 
though the position of the pole is not as clearly marked by the first 
indentation as by the one appearing after fertilization. 
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